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estimating  health  such  appraisal  is  coordinate  with  the  more  com- 
monly employed  i)ractices  of  family  history,  physician's  examina- 
tion and  laboratory  analysis. 

There  is  presented  in  the  niono<irai)h  a  criti([ue  of  liic  principal 
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tion. Thus  the  prediction  of  optimum  weight  is  based  upon  simple 
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width  of  knee.  Standard  landmarks,  in.struments  and  techniques 
of  measurement  are  described  and  illustrated. 
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CHAPTER  I 

THE  SELECTION  OF  ANTHROl'OMETRIC 

MEASUREMENTS  FOR  TPIE  PURPOSE 

OF  EVALUATING  I'H YSIC AL  STATUS 

The  White  House  ConlVreiic'e  (1982)  on  Child  llealtii  und  Pro- 
tection has  focused  the  attention  of  the  country  on  the  sreat  ad- 
vances that  have  been  made  during  the  last  half  century  in  the 
methodology  of  health  service  and  protection.  The  era  when  society 
assumed  no  responsibility  for  the  physical  and  mental  health  of 
the  child,  but  left  it  all  to  the  parents  and,  i)erchance,  to  the  family 
physician,  has  passed  forever  from  the  United  States.  It  is  true 
that  society  does  not  fully  accept  this  responsibility  in  every  com- 
munity, but  when  it  fails  to  do  so,  it  docs  so  apologetically. 

In  the  total  picture  of  the  healtii  supervision,  health  service,  and 
health  instruction  of  our  citizens,  young  and  old,  there  is  one 
element  which  is  essential  for  the  most  adequate  service  to  the  in- 
dividual, and  that  is  the  accurate  appraisement  of  his  ])resent 
physical  and  health  status. 

There  are  at  least  four  methods  of  appraising  the  health  of  the 
child,  each  of  which  contributes  certain  specific  informations,  but 
no  one  of  which  is  an  entirely  adequate  record  of  the  child's  ])hys- 
ical  condition. 

The  first  of  these  methods  is  to  study  the  history  of  the  child 
and  his  immediate  ancestors  in  so  far  as  this  applies  to  health.  This 
concerns  itself  with  the  health  conditions  and  length  of  life  of  the 
parents,  grandparents,  and  others  close  to  the  child's  direct  line 
of  descent.  This  is  one  of  the  methods  commonly  used  by  physi- 
cians and  is  of  help  in  the  total  appraisement  of  the  child's  prob- 
able health  condition,  but,  taken  by  itself,  is  apt  to  be  extremely 
misleading.  It  is  above  all  a  record  of  the  past,  and  all  happenings 
of  the  child's  past,  both  in  his  own  life  and  in  the  lives  of  his 
ancestors,  were  compounded  of  hereditary  and  environmental  fac- 
tors, and  we  can  never  be  quite  sure  which  of  these  elements  pre- 
dominated at  any  given  time.  The  child  may  have  escaped  from 
some  of  the  environmental  ruts  of  his  forefathers,  and  other  influ- 
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ences  may  have  entered  in.  Hence,  this  method  of  health  appraise- 
ment, while  of  value,  cannot  be  relied  upon  entirely. 

The  second  method  is  that  of  a  physician's  physical  diagnosis. 
(In  this  discussion  the  "physical  diagnosis"  is  assumed  to  be  that 
part  of  the  medical  examination  which  does  not  utilize  laboratory 
tests.)  In  this  kind  of  appraisement  the  physician  examines  the 
various  important  organs  of  the  body  as  best  he  can,  interprets  his 
findings  in  the  light  of  his  experiences,  and  comes  to  a  reasoned-out 
conclusion.  This  type  of  examination  is  chiefly  a  search  for  de- 
partures from  the  "normal."  It  is  not  apt  in  distinguishing  be- 
tween various  gradations  of  health,  for  with  the  healthy  child  the 
findings  are  likely  to  be  marked  "negative."  It  states  merely  that 
the  child,  in  so  far  as  the  examiner  can  tell,  is  not  sick. 

The  third  method  of  examination  utilizes  such  measurements  as 
blood  pressure,  the  analysis  of  the  body  secretions,  the  analysis  of 
the  body  excretions,  blood  count,  haemoglobin,  basal  metabolism, 
and  the  X-ray.  The  addition  of  these  methods  of  clinical  or  lab- 
oratory diagnosis  achieves  greater  accuracy  and  throws  less  strain 
upon  the  subjective  judgments  of  the  examiners.  These  methods 
of  measurement  are  increasing  in  number  and  completeness  year  by 
year,  but  there  are  still  great  gaps  between  the  need  and  the  ac- 
complishment. 

All  of  the  methods  presented  above  are  important.  All  three  are 
used  by  the  competent  physician.  The  first,  and,  more  frequently, 
the  second  are  often  used  in  routine  medical  examinations  in  the 
schools. 

The  J'ourth  method  of  ai)praisement,  that  of  anthropometric 
measurements,  which  is  not  yet  as  commonly  used  as  the  other 
three,  su^jplements  the  information  given  ])y  them.  This  method 
utilizes  the  physical  measurement  of  the  body  structures.  It  will 
increasingly  overlap  the  laboratory  diagnosis  method  as  medical 
measurements  become  more  quantitative  and  objective. 

By  the  term  anthropometric  measurements  is  meant  the  objective 
measurement  of  certain  structures  and  functions  of  the  body. 
]\Ieasurement  of  structures  includes  the  measurement  of  total 
height,  width  of  shoulders,  chest,  hips,  and  knee,  depth  of  chest,  and 
such  measures  of  bulk  as  weight.  By  measurement  of  function  is 
meant  such  measurements  as  the  frequency  of  the  pulse  rate  and 
the  arterial  and  venous  blood  pressure.  Some  measurements,  such 
as  that  of  the  breathing  capacity  of  the  lungs,  are  on  the  border 
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line  between  measurements  oi"  structure  iiii<l  inciisurciiients  uL" 
function. 

All  of  these  measurements  arc,  in  llie  main,  i)Uivly  ol)jective. 
There  are  some  small  subjective  elements  encountered,  such  as  in- 
dividual differences  between  measurers  in  the  amount  of  pressure 
exerted  through  the  instrumeut,  differences  of  standards  in  such 
measurements  as  the  diastolic  blood  pressure,  the  rcsjjonse  of  the 
subject  in  such  items  as  the  posture  assumed  while  being  measured, 
and  the  emotional  responses  which  sometimes  inlluenco  the  cardio- 
vascular phenomena. 

There  are  numerous  factors,  such  as  differing  natural  immunities 
to  specific  diseases,  or  the  hereditary  differences  in  the  (piality  of 
the  organs,  whicii  have  i)erhaps  even  greater  influence  on  the  health 
and  physical  condition  of  the  individual,  which  at  the  present  time 
are  not  subject  to  accurate  objective  measurement.  The  nearest 
approach  to  securing  information  concerning  these  variables,  at 
least  in  the  usual  routine  of  school  examinations  and  the  examina- 
tion in  the  off'ice  of  the  family  ])hysician,  is  that  afforded  by  the 
personal  and  family  history  of  tiie  subject.  The  story  told  by  the 
anthropometric  measurements  is  that  of  present  status  as  to  nutri- 
tional and  developmental  condition,  respiratory  functioning,  rel- 
ative basal  meta])olism,  etc.,  but  there  is  the  possibility  of  large 
variations  in  individual  susceptibilities  to  si)ecific  diseases  which 
may  alter  the  picture  in  any  given  person.  The  medical  examina- 
tion is,  of  course,  subject  to  the  same  limitations. 

The  medical  examination,  as  usually  conducted,  states  that  cer- 
tain diseased  conditions  are  or  are  not  present;  but  it  does  not 
state,  except  as  the  physician  may  deduce  from  shrewd  observation 
based  on  experience,  what  the  quantitative  condition  of  health  may 
be.  The  anthropometric  appraisement  of  the  physical  status  offers 
a  fair  approximation  to  a  measurement  of  the  i)resent  health  status 
of  the  individual,  but,  like  the  medical  appraisement,  it  is  not 
complete  and  it  must  be  used  with  due  regard  for  its  limitations. 
It  is  much  better  adapted  to  detecting  conditions  that  are  the  re- 
sults of  health  changes  over  a  considerable  period  of  time  than  it 
is  to  detecting  day  l\v  day  fluctuations,  such  as  might  be  produced 
by  sudden  and  acute,  but  mild,  diseases.  This  is  an  asset,  however, 
as  the  importance  of  long  time  changes  is  much  greater  to  the  school 
than  is  the  detection  of  minor  II actuations.  Where  the  medical  ex- 
amination is  available,  it  should  be  used,  but   i)urely  negative  find- 
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iiigs  in  this  examination  —  particularly  where  such  examinations 
are  conducted  as  rapidly  and  superficially  as  is  frequently  done  in 
the  public  schools  —  should  not  be  permitted  to  lead  to  the  assump- 
tion that  the  child  is  perfectly  healthy. 

The  anthropometric  examination  may,  and  frequently  does,  un- 
cover conditions  fully  as  important  as  some  of  the  positive  medical 
finding's.  We  refer  to  conditions  of  relative  malnutrition,  poorly 
developed  or  relatively  diminishing  breathing  capacity,  high  basal 
metabolic  rate,  and  generally  poor  condition.  The  anthropometric 
examination  will  frequently  suggest  incipient  physical  disorders 
that  are  not  sufficiently  advanced  to  be  detected  as  specific  pathol- 
ogies by  the  physician.  Anthropometric  measurement  for  the  ap- 
praisement of  physical  condition  is  an  aid  and  a  supplement  to,  but 
in  no  way  a  substitute  for,  the  medical  examination.  It  can  be 
applied  by  trained  persons  who  are  not  physicians,  and  it  will  guide 
the  health  administrator  to  an  appropriate  medical  follow-up  of  the 
conditions  found. 

This  series  will  report  such  studies  as  bear  upon  this  general 
plan  for  the  evaluation  of  physical  status,  and  present  certain  stand- 
ards evolved  from  those  studies.  This  first  volume  will  be  confined 
to  studies  concerned  with  the  selection  of  the  best  anthropometric 
measurements  for  this  purpose.  Students  of  physical  anthropology 
have  proposed  a  very  large  number  of  measurement  techniques  and 
many  variations  of  the  individual  measurements.  It  is  the  task  of 
this  volume  to  assay  such  of  these  as  apply  to  the  problem  of  de- 
termining physical  status  and  to  choose  from  this  number  those 
best  adapted,  directly  or  indirectly,  to  the  measurement  of  physical 
status  with  the  greatest  accuracy  and  the  least  administrative  dif- 
ficulty. 

The  aim  of  this  series  of  studies  is  to  produce  methods  that  will 
serve  the  individual  for  his  welfare.  To  this  end  we  have  made 
many  compromises  between  complete  scientific  accuracy  and  ad- 
ministrative convenience.  Experience  has  demonstrated  that  an- 
thropometric measurements  which  are  to  be  used  in  the  schools  and 
in  infant  clinics,  if  their  use  is  to  be  at  all  widespread,  must  be 
such  that  they  can  be  administered  and  interpreted  by  others  than 
the  medical  i)rofession  alone.  This  is  at  present  primarily  a  matter 
of  cost.  Hence,  these  measurements  will  usually  be  given  and  in- 
terpreted by  the  school  nurse,  the  teacher  of  physical  education, 
and  others  interested  in  the  child's  physical  welfare  whose  services 
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can  be  obtained  witliout  extra  I'ee.  Therefore,  tiic  methods  used 
must  be  simple  enough  to  be  very  easily  learned  and  applied.  If 
the  computations  and  tables  used  consume  too  much  time  or  are 
too  complicated,  regardless  of  their  scientific  accuracy,  they  will  not 
be  used  extensively.  In  every  case,  therefore,  we  have  striven  not 
only  for  accuracy  and  adequacy  of  measurement  but  for  simplicity 
as  well. 

In  subsequent  volumes,  standards  for  the  appraisement  of  phys- 
ical status,  together  with  tables  for  their  convenient  application, 
will  be  developed  and  presented,  in  addition  to  other  helpful  ad- 
ministrative measures. 


CHAPTER  II 

INDIVIDUAL  DIFFERENCES  IN 
PHYSICAL  CONSTITUTION 

Early  anthropometric  standards  in  most  cases  were  based  upon 
averages  of  measurements  taken  on  many  types  and  builds  of 
people  with  nationality,  sex,  and  age  constant.  This  ignored  the 
fact  that  departures  from  the  average  are  frequent,  and  yet  are 
not  to  be  considered  as  abnormal.  On  the  other  hand,  at  a  rela- 
tively early  date  a  number  of  anthropometrists  and  physicians 
recognized  the  fact  of  individual  differences  in  build  and  attempted 
to  classify  individuals  into  a  small  number  of  categories.  These 
classifications  have  usually  assumed  a  relatively  tall,  slender  type 
at  one  extreme  and  a  relatively  shorter  but  stockier  type  at  the 
other.  In  general,  an  intermediate  or  "normal"  type  has  been 
placed  in  between.  Variants  of  some  of  these  types  have  been 
proposed  by  a  few  of  the  authors.  In  the  tabulation  on  the  follow- 
ing page  will  be  found  a  summary  of  the  most  important  studies 
and  writings  on  this  problem. 

METHODS  FOR  CLASSIFYING   BODY  BUILDS 

The  methods  used  for  classifying  the  different  body  builds  may 
be  roughly  divided  into  four  general  types. 
Indices  of  Build 

One  type  of  classification  is  that  which  uses  definite  indices  of 
build  based  upon  index  numbers  with  height  as  the  denominator. 
The  following  indices  have  been  proposed: 

Weightya         Weight  Weight        ^      Weight     _  Weight 

Height       '      Height 3  '       Height  2.5  ♦      Height  2   '   ^"        Height 

Indices  of  this  type  have  been  studied  at  this  Station  by  plotting 
the  mean  weight  for  each  height  for  each  sex  at  each  year  of  age 
and  fitting  curves  to  tlie  results  (21,  p.  28-34).     Kelly  found  the 

index  of .-^.   to  be  the  most  satisfactory  one  for  males   (the 

Height' 

\Veight 
actual  exponent  of  Height  was  3.042),  and   r,  ■'  .  ,2.79    to  be  the 
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tion  than  does  the  ■,t.:„x,.3  •    It  possesses  the  additional  advantage 
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W^eio'ht 
most  satisfactory  for  females.        „  •  '^  .^     differed  very  slightly 

Height^ 

from  this  curve. 

Since  weight  is  a  measure  of  volume  and  volumes  grow  accord- 
ing to  the  cube  of  the  linear  dimension,  one  would  expect,  a  j)riori, 
what  Kelly  found  to  be  true,  that  the  best  index  would  be  either 

Weight^  Weight        ,„,  ^   .  ,  .     ^, 

or     _^^  .  ,    -  .     When  no  exponent  is  used,  as  m  the 

Height  Height^ 

— ^i^^    index,  the  average  index  increases  greatly  as  the  height 
Height 

increases,   for  the   weight   increases   proportionately   much   faster 

than  does  the  height.     Within  the  same  physiological  age  group, 

this  is  not  true  when  both  weight  and  height  are  reduced  to  the 

same  power. 

In  studying  distributions  of  these  indices,  it  was  found  that  the 

— ?i^^- —    index  gives  a  more  normal  (and  less  skew^ed)  distribu- 
Height 

Weight 

Height^ 

of  being  very  much  more  quickly  and  accurately  computed  on  a 

^^eiffht 
slide  rule  than  is  the   -.^  .  , ,,     index.     Hence,  we  propose  it  as 

Height-^ 

the  most  desirable  of  this  group. 

In  the  same  category  of  index  numbers  we  find  three  others 

Wei^'ht 
proposed:     (1)    —p—. —  tj  .  ,  . 3  (Von  Pirquet)  was  proposed 

^     ^  Sitting  Height^ 

rather  arbitrarily  and  has  in  general  been  rejected  by  the  anthro- 

-■•■.■        /^x     Sitting  Height  ^,    ^ 

pologists  who  have  studied  it.     (2)    „  •  i,^ assumes  that 

^       ^  Height 

in  the  stockier  type  the  legs  will  be  much  shorter  and  in  the  linear 

.„  ,             ,    ,                 ,„,        Chest  Circumference 
type  the  legs  will  be  much  longer.     {6}      tt  •  i^^ 

assumes  that  stockiness  and  a  relatively  large  chest  are  very  closely 

^,       Chest  Circumference     .    ,  .  ^-  n      *u 

related.      The  ^t  •  w index   gives   essentially   the 

Height 

same  information  as  does  the  weight   index.      In  two  groups  of 

young  adults  the  chest  circumference  (corrected  for  fat)  correlated 

Normal  W^ei^'ht''^ 

ao'ainst  the  ^^  .  , — ^^ index  gave  a  correlation  coefficient 

^  Height 

,    ^^  .       .       ,  Sitting  Height 

of   89  for  males  and  .80  tor  females.      -,t  •  i...    —  when  cor- 

Height 
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Weight''^ 
related  against    ..  .   ,  ^ —  gave  a  correlation  of  onlv  ,21  for  males, 
Height  *  ' 

,  .,     Sitting  Height       ,  i  ^   i      •.,    Chest  Circumference 

while  ^^  .  ,  ,   when  correlated  with 


Height  Height 

,      nr^       A  .1      Chest  Circumforciico  ,    , 

gave  only  .20.     Apparently  w^ ,  ^    and  the  weight 

Height 

index  agree  reasonably  well.     The  other  is  not  con.sistent  with  the 

weight  index  or  with  the  chest  circumference  index,  and  if  it  is  of 

value,  it  is  for  some  other  purpose. 

The  advantage  of  this  index  type  of  determiner  of  build  is  that 

it  makes  no  attempt  to  develop  arbitrary  and  separate  categories, 

but  assumes  a  continuous  distribution  from  one  end  of  the  group 

to  the  other. 

Subjective  Deterynination  of  Categories 

A  second  type  of  classification  of  build  is  one  which  attempts 
subjectively  to  place  all  individuals  into  two,  three,  or  more  clear- 
cut  categories.  The  classification  of  Hippocrates,  dividing  in- 
dividuals into  two  general  groups^  the  habit  us  phthisticus  and  the 
habitus  apoplecticus.  was  the  first  of  these  to  be  proposed.  A  num- 
ber of  other  recent  proposals  which  summarize  the  best  of  the 
older  ones  is  seen  in  the  classifications  of  Bryant  (7)  and  of 
Goldthwait  (18),  who  propose  a  three  category  classification  of 
carnivorous  (linear),  normal,  and  herbivorous  (stocky)  types;  and 
of  Stockard  (41),  who  uses  the  same  classification,  but  calls  them 
linear,  intermediate,  and  lateral.  The  authors  classify  individuals 
as  to  these  types  by  inspection  alone. 

Kretsch  m  e  r  's  Classification 

A  third  method  is  seen  in  the  classification  by  Krctschmer  (23, 
p.  20-34)  in  which  he  proposes  a  linear  type  which  he  calls  the 
asthenic  and  a  stockier  lateral  type  which  he  calls  the  pyknic,  with 
mixed  or  intermediate  types.  In  addition  he  adds  a  third  true  type 
which  he  calls  the  athletic  type,  which  is  a  deviate,  according  to  his 
description,  from  the  series,  running  between  the  asthenic  and 
pyknic.  In  the  light  of  the  prominence  Kretschmer's  writings  have 
assumed  in  the  literature,  this  classification  will  be  discussed  in 
more  detail  below. 

Draper's  Classification 

A  further  system  of  classification  is  that  of  Draper  (14),  who 
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classified  his  people  into  finer  groups,  not  according  to  some  pre- 
conceived scheme,  but  according  to  the  general  proportions  of  those 
whom  he  finds  to  be  particularly  predisposed  to  certain  diseases. 
His  tubercular  type  and  his  gastric  ulcer  type  are  both  slender  or 
linear  types.  His  gall  bladder  type  and  his  pernicious  anemia  type 
are  both  laterals  or  stockier  builds.  These  individual  types,  how- 
ever, deviate  also  in  shape  of  face  and  proportions  of  various  parts 
of  the  face  and  body.  It  will  be  seen  that  in  spite  of  this  attempt 
at  a  finer  classification,  the  slender  groups  fall  together  and  the 
stocky  groups  fall  together.  Draper's  classification,  however,  is 
not  intended  as  a  systematical  grouping  of  individuals  anthropo- 
logically, l)ut  is  for  the  purpose  of  selecting  those  who  are  most  apt 
to  be  susceptible  to  given  disease  entities.  This  falls  outside  the 
scope  of  this  volume,  so  we  shall  not  consider  it  further. 

(lENERAL  CONSIDERATIONS 

The  measurement  of  physical  constitution  or  body  type  is  im- 
portant in  all  studies  in  which  physical  status  is  assessed  from  an- 
thropometric measurements.  It  is  obvious  that  the  same  standard 
for  the  determination  of  under-  and  overweight  or  muscle  develop- 
ment cannot  be  used  for  the  slender  and  for  the  stocky  type.  It  is 
evident  that  a  dray  horse  and  a  race  horse  may  be  of  the  same 
height  and  of  the  same  length,  but  it  would  be  absurd  to  assume 
that  they  ])oth  should  weigh  the  same  amount.  It  is  therefore  im- 
portant in  applying  anthropometric  techniques  to  the  determination 
of  physical  status  (a)  to  know  whether  there  are  several  distinct 
body  types,  or  simply  a  distribution  of  builds,  reaching  from  one 
extreme  to  the  other,  with  certain  features  varying  somewhat  from 
the  average  for  that  part  of  the  distribution,  and  (b)  when  this 
first  question  has  been  answered,  to  establish  a  method  of  distin- 
guishing accurately  the  type  or  the  point  on  the  range  of  the  dis- 
tribution of  build. 

As  has  been  pointed  out  by  Montessori  (33,  p.  67-106),  the  stocky 
or  lateral  type  has  a  larger  amount  of  digestive  organs  per  unit  of 
body  volume  than  does  the  linear  or  slender  type.  This  type  of 
individual,  therefore,  has  comparatively  more  area  from  which  to 
absorb  food  than  does  the  linear  type,  and  it  has  been  stated  (7, 
33,  41)  that  this  type  of  individual  tends  to  put  on  weight  and  to 
be  much  better  nourished  than  the  linear  type,  who  tends  toward 
malnourishment.  As  a  result  of  chronic  overnourishment,  in  sed- 
entary life  the  stocky  type  is  assumed  to  place  a  greater  burden 
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upon  the  kidnej-s  and  the  circulatory  system  iiiid  lo  suffer  more  from 
diseases  of  these  organs,  while  the  linear  type  tends  to  suffer  more 
from  diseases  of  the  lungs  and  digestive  organs  and  other  types  of 
diseases  which  are  associated  with  ])oor  nutrition.  These  assertions 
are  upheld  by  evidence  from  insurance  statistics,  one  sample  of 
which  is  shown  in  the  following  tabulation: 

Eolationship  of  Bodily  Habitus  to   Disease 
According  to  the  Life  Insurance   Records 

Physique 


Cause  of  Death 

Thin 

Medium 
Per  Cent 

Stou 

Tuberculosis 

25.7 

13.1 

4.1 

Apoplexy 

4.9 

9.2 

12.3 

Circulatory  Disturbances 

9.4 

14.8 

22.7 

Pneumonia 

11.7 

10.3 

7.7 

Malignant  Tumors 

6.4 

8.3 

7.1 

Infectious  Disorders 

5.4 

4.6 

4.1 

Brain  Disorders 

10.6 

9.8 

6.6 

Suicide 

4.7 

5.1 

4.1 

Various  other  diseases 

21.1 

24.8 

30.5 

Total 

100.0 

100.0 

100.0 

Further  evidence  to  this  effect  is  given  in  Davenport's  (13)  study 
on  Body  Build  and  Its  Inhentunce. 

In  line  with  the  above  considerations,  we  have  also  the  fact  that 
the  linear  type  in  general  has  a  larger  musculature  proportionate 
to  his  vegetative  or  visceral  parts.  He  has  longer  limbs  and  a 
smaller  trunk,  which  gives  him  relatively  more  muscular  tissue  to 
nourish  and  to  supply  with  oxygen  than  is  the  case  of  the  stockier 
lateral.  Montessori  (33)  has  referred  to  the  linear  as  the  type  of 
individual  with  a  small  boiler  and  a  relatively  large  engine,  while 
the  lateral  is  an  individual  with  a  larger  boiler  but  a  smaller  engine. 
Draper's  studies  (1-4)  seem  to  indicate  that  the  problem  is  con- 
siderably more  complex  than  it  has  been  made  to  api)ear. 

These  considerations  are  listed  here  primarily  to  convey  the  idea 
that  there  is  much  more  to  the  i)roblem  of  body  type  than  simply 
differences  in  physical  proi)ortions. 

QUESTIONS  CONSIDERED  IN  THIS  STUDY 

From  the  standpoint  of  the  problems  raised  in  this  volume,  it 
is  not  necessary  for  us  to  discuss  the  relationships  of  body  build  to 
disease.  ^Vhile  this  is  an  important  consideration  for  the  physician 
and  perhaps  for  the  hygienist,  it  is  not  necessary  to  consider  these 
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problems  in  a  study  in  which  the  major  emphasis  is  the  selection 
of  anthropometric  measurements  for  the  purpose  of  evaluating 
present  phj^sical  status.  The  principal  questions  concerning  body 
build  to  be  considered  in  this  volume  are  the  following: 

1.  Are  there  several  distinct  categories  of  body  build,  as  is 
suggested  by  Kretschmer  (23),  or  is  there  a  continuous  distribution 
from  one  extreme  to  the  other,  with  perhaps  a  number  of  atypical 
deviates  from  the  general  trend? 

2.  What  are  the  simplest  and  best  methods  of  indicating  the 
body  build  or  type  of  any  given  individual? 

3.  How  can  the  methods  of  determining  body  type  best  be 
utilized  in  the  appraisement  of  physical  status? 

In  the  writings  on  body  build  cited  or  discussed  above,  all  but 
those  of  Kretschmer  (23)  and  Draper  (14)  either  indicate  or  imply 
that  there  is  a  continuous  distribution  from  one  extreme  to  the  other, 
though  a  number  of  them  imi)ly  that  usually  it  is  relatively  easy  to 
place  an  individual  subjectively  in  one  of  the  extreme  categories  or 
in  the  middle.    In  some  instances  where  indices  are  given  (such  as 

Weight'/s 

.  ,  etc.),  these  "types"  are  given  by  arbitrarily  dividing 

the  range  into  three  groups  (33,  p.  67-106).  From  the  standpoint 
of  modern  anthropometry,  there  is  no  reason  why  such  a  continuous 
distribution  might  not  better  be  described  in  terms  of  deviations 
from  the  average,  with  the  deviations  stated  in  terms  of  some  sta- 
tistical constant  such  as  the  standard  deviation. 

Kretschmer  and  his  disciples,  on  the  other  hand,  imply  three 
distinct  distributions  with  relatively  little  overlapping.  The  first 
of  these,  the  asthenic  type,  is  conceived  of  as  a  slender,  small 
muscled,  fairly  tall,  and  long  limbed  individual.  The  other  ex- 
treme, the  pyknic  type,  is  thought  of  as  a  stocky,  short  limbed, 
large  trunked  i)erson.  The  third  type  suggested,  the  athletic  type, 
according  to  Kretschmer,  is  not  an  intermediate  type  but  a  deviate 
from  the  intermediate  type  showing  certain  distinct  characteristics. 
When  the  data  are  analyzed,  the  major  differentiation  seems  to  be 
that  this  type  is  distinguished  from  an  intermediate  type  by  slight- 
ly wider  shoulders. 

A  number  of  Kretschmer 's  students  have  attemi)ted  to  prove 
this  point  with  indices  and  have  developed  a  number  of  anthropo- 
metric methods  for  arbitrarily  dividing  one  tyjie  from  the  other. 
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The  most  important  of  these  indices  are  listed   in   llie   followinfr 
tabulation : 

1.  Pignet  's  Index 

Height  —  (Chest  Circumference  +  Weight) 

2.  Cliest-Shouklcr  Index 
Shoulder  Breadth  x  100 

Chest  Circumference 

3.  "Index  A" 

Head  Height  x  Hand  Circumference  x  Shoulder  Breadth  x  Chest  Circumference 

1000 

4.  "Index  B" 

Height  X  10,000 

Chest  Breadth  x  Chest  Depth  x  Anterior  Trunk  Length  x  Shoulder  Breadth 

5.  "Index  C" 

Chest  Breadth  x  Chest  Depth  x  Shoulder  Breadth 
Bi-iliac  x  Bi-trochanterie 

6.  ' '  Index  D  ' ' 

Shoulder  Breadth  x  Hand  Circumference  x  Arm  Length  x  Leg  Length 
Chest  Circumference  x  Abdomen  Circumference  x  100 

7.  Wertheimer 's  Index 

Leg  Length  x  lOs 
Chest  Breadth  x  Chest  Depth  x  Trunk  Length 

8.  Andreew's  Index 

100  [  (ChestCircumference  +  AbdomenCircumferenee)  —  (Arm  Length  +  Leg  Length)  ] 

Chest  Breadth  x  Chest  Depth 

A  fairly  large  proportion  of  these  are  obviously  invalid  from  a 
purely  mathematical  point  of  view.    The  number  of  anthropometric 
measurements  multiplied  together  in   the   numerator   is   different 
from  the  number  in  the  denominator.     For  example,  in  Index  B, 
height  is  the  only  measurement  in  the  numerator,  wiiile  the  de- 
nominator is  composed  of  the  product  of  four  linear  measurements. 
Wertheimer 's  index  has  a  similar  defect.     In  Index  C  and  Index 
D  the  numerator  is  composed  of  the  product  of  three  measurements 
and  the  denominator  of  two.     In  Andreew's  Index,  the  numerator 
is  composed  of  a  series  of  sums  and  diiferences  while  the  denom- 
inator is  a  product  of  two  linear  measurements.     Index  A  has  as 
its  numerator  the  product  of  four  dimensions  wit!,  a  constant    in 
the  denominator.     It  will  be  seen  from  these  facts  tiiat  the  actual 
body  size  of  individuals  will  determine  the  size  of  tiie  index;    for 
example,  in  Index  B,  the  larger  the  person,  the  smaller  the  intlex 
will  be;  in  Index  A,  the  larger  the  person,  the  larger  the  index  will 
be.      Since   the   pyknic  type   of   individual   and   the    athletic    and 
asthenic  type  of  individual  differ  in  pure  size  as  well  as  in  build, 
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there  will  be  a  tendency,  in  adults  at  least,  for  these  indices  to 
classify  on  the  basis  of  total  bulk  alone  as  much  as  on  the  basis  of 
actual  type. 

A  series  of  distributions  is  given  (24,  45,  46,  47)  in  which  these 
indices  distinguish  the  types  rather  readily.  A  number  of  these 
indices,  used  on  the  original  data,  apparently  divide  the  three  types 
with  a  fair  degree  of  satisfaction,  though  in  almost  all  there  is  a 
rather  large  degree  of  overlapping.  When  the  indices  are  corrected 
by  converting  the  numerator  and  the  denominator  into  terms  of  the 
same  power,  this  ability  to  differentiate  between  types  is  lessened, 
and  the  differences  are  largely  those  that  would  be  expected  from 
differences  in  the  relative  stockiness  of  the  body. 

Further,  when  these  distributions,  even  in  their  original  form, 
are  combined  into  one  distribution,  in  almost  every  ca.se  they  form 
a  continuous  unimodal  cui'^'e  which  is  usually  quite  symmetrical. 
(See  Figure  1).  This  fact,  together  with  the  fact  that  there  is  so 
much  overlapping  in  the  distribution  of  the  individual  types,  would 
seem  to  indicate  that  these  indices  of  type  do  not  sharply  differen- 
tiate between  any  three  given,  arbitrary  body  builds,  but  that  the 
individual's  build  may  be  best  indicated  by  its  position  in  a  total 
distribution. 

In  evaluating  these  studies  of  index  numbers  made  l)y  the 
Kretschmer  school,  one  should  also  make  note  of  the  fact  that  the 
cases  selected  by  no  means  represent  a  random  sample  of  the 
population,  but  rather  represent  specific  groups  of  individuals 
chosen  because  they  were  as  nearly  pure  types  as  it  was  possible 
to  secure.  Usually  this  group  makes  up  less  than  half  of  a  random 
sample.  If  it  is  impos:sible  to  separate  these  carefully  chosen  in- 
dividuals sharply  on  the  basis  of  such  index  numbers,  it  would 
seem  probable  that  these  three  types  do  not  really  exist  as  separate 
entities.  Still  further  evidence  is  shown  as  one  studies  the  average 
measurements  of  these  three  types  converted  into  obtained  indices 
by  dividing  each  measurement  by  the  average  height  for  the  group. 
Two  such  samples  are  presented  in  Tables  1  and  2. 

It  will  be  noted  in  studying  these  indices  that  in  almost  every 
case  in  measurements  of  length  the  athletic  type  is  either  very 
similar  to  the  asthenic  or  is  intermediate  between  the  asthenic  and 
the  pyknic  type.  In  measurements  of  circumference,  thickness,  and 
width,  in  every  case  the  athletic  type  is  intermediate  between  the 
asthenic  and  the  i)yknic.     The  one  measurement  in  Avhich  this  is 
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Figure  1.     Combined  Distributions  of  Asthenic,  Atiiletic,  and  Pyknic  Types  for 

Various  Indices  of  Build 
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not  true  is  width  of  shoulders.  Studies  made  in  this  Station  indi- 
cate that  the  width  of  shoulders  of  the  athletic  group  is  approx- 
imately one  standard  deviation  of  such  an  index  wider  than  the 
shoulders  of  the  asthenic  group.  Since  the  width  of  the  shoulders  is 
the  outstanding  physical  trait  used  by  the  Kretschmer  school  to 
place  individuals  in  the  athletic  class,  this  is  probably  not  a  true 
type  difference,  but  simply  a  result  of  using  this  trait  as  a  classifier. 
Certainly  one  would  expect  to  find  the  difference  greater  than  one 
standard  deviation  if  it  were  a  true  distinguishing  characteristic. 

The  fact  that  in  lengths,  such  as  arm  length  and  leg  length,  the 
athletic  type  resembles  most  the  asthenic  type,  together  with  the 
fact  that  in  all  of  the  measurements  of  bulk  this  type  is  inter- 
mediate, would  lead  us  to  conclude  that  the  athletic  type  is  simply  a 
variant  of  the  asthenic  type  in  that  it  represents  a  number  of  in- 
dividuals who  are  nearer  the  average  of  the  total  distribution  and 
who  are  somewhat  better  developed. 

This  latter  statement  concerning  the  relative  development  of  the 

Table  1 

Average  Measurements  of  Individuals  of  Different  Types 
Both  Actual  and  Relative* 


Asthenic 

Athletic 

Pyknic 

Measurement 

Male 

Female 

Male 

Female 

Male 

Female 

Averag 

es 

Height 

lf)8  4 

153.8 

170.0 

3  63.1 

167.8 

156.5 

Weight 

50.5 

44.4 

62.9 

61.7 

68.0 

56.3 

.Shoulder  Width 

35.5 

32.8 

39.1 

37.4 

36.9 

34.3 

Chest  Girth 

84.1 

77.7 

91.7 

86.0 

94.5 

86.0 

' '  Stomach ' ' 

74.1 

67.7 

79.6 

75.1 

88.8 

78.7 

Calf  Girth 

30.0 

27.7 

33.1 

31.7 

33.2 

31.2 

Leg  Length 

89.4 

79.2 

90.9 

85.0 

87.4 

80.5 

100 

,x  Aver? 

iges  Div 

ided  by 

Height 

w  •   X,.  /WeightVaX 

Weight  1  ..^   ■   ■ —      1 

^       VHeight     ) 

22.0 

23.0 

23.4 

24.2 

24.4 

24.5 

Shoulder  Width 

21.1 

21.3 

23.0 

22.9 

22.0 

21.9 

Chest  Girth 

50.0 

50.5 

53.9 

52.8 

56.2 

55.0 

' '  Stomach  ' ' 

44.0 

44.0 

46.8 

46.0 

52.9 

50.2 

Calf  Girth 

17.8 

18.0 

19.4 

19.4 

19.8 

19.9 

Leg  Length 

53.2 

51.5 

53.4 

52.1 

52.1 

51.4 

*  From  Kretschmer  (23) 
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Tabic  2 

Average  Measurements  of   Women   of   Different   Types 

Both  Actual  and  Relative* 


Averages  Divided 

Measurement 

Actual  Averages 

by  Height 

Asth- 

Ath- 

Asth- 

Ath- 

enic 

letic 

Pyknic 

enic 

letic 

Pyknic 

Head  Height 

19.1 

17.84 

20.36 

12.2 

12.0 

12.3 

Leg  Length 

82.6 

77.16 

88.04 

51.3 

51.7 

51.2 

Height 

159.5 

149.00 

170.00 

Weight 

68.9 

56.17 

83.42 

25.7 

25.7 

26.2 

Shoulder  Breadth 

36.1 

33.72 

38.48 

21.5 

22.6 

22.0 

Chest  Circumference 

83.7 

78.19 

89.21 

50.2 

52.4 

56.0 

Abdomen   Circum- 

ference 

74.1 

69.22 

78.98 

42.8 

46.4 

51.0 

Hand  Circumference 

18.9 

17.66 

20.14 

11.4 

11.8 

11.9 

Chest  Depth 

17.9 

16.72 

19.08 

10.9 

11.2 

12.6 

Chest  Width 

25.2 

23.54 

26.86 

15.5 

15.8 

16.7 

Anterior  Trunk 

Length 

47.4 

44.28 

50.52 

30.0 

29.7 

29.6 

Arm  Length 

68.2 

63.70 

72.69 

43.1 

42.7 

41.9 

Bi-Cristal  Hip 

Width 

28.6 

26.72 

30.48 

18.0 

17.9 

19.6 

Bi-Trochanteric 

Hip  Width 

33.0 

30.83 

35.17 

20.2 

20.7 

22.1 

*From  Kuhnel   (24) 

athletic  type  is  borne  out  in  Kiilinel's  paper  (24)  in  which  he 
naively  remarked  that  it  was  possible  to  fill  out  his  numbers  of 
athletic  women  only  by  recourse  to  the  school  for  training  women 
teachers  of  physical  education.  To  these  were  added  some  individ- 
uals from  two  hospitals.  Since  these  individuals  were  presumably 
physically  well,  they  probably  represent  nurses,  though  this  is  not 
stated. 

We  reject,  therefore,  the  Kretschmerian  method  of  subjectively 
classifying  individuals  into  distinct  arbitrary  types  for  the  more 
objective  one  of  selecting  relatively  sim})le  measurements  which  will 
best  distinguish  the  place  in  a  distribution  of  the  population  oc- 
cupied by  the  individual. 

The  problem  then  resolves  itself  into  an  attempt  to  determine 
what  indices,  composed  of  which  measurements,  are  best  adapted 
to  differentiate  the  types. 


26  IOWA  STUDIES  IN  CHILD  WELFARE 

A  FACTOR  ANALYSIS  APPROACH 

The  approach  to  the  problem  of  determining  which  measurements 
are  best  adapted  to  identifying  body  types  has  been  made  by  the 
use  of  the  recently  developed  technique  of  factor  analysis.  Since 
we  have  used  the  method  proposed  by  Thurstone  (42),  we  shall 
confine  our  statements  to  this  method,  instead  of  discussing  other 
methods  which  have  been  devised  for  the  same  purpose. 

The  method  of  factor  analysis  is  one  which,  when  used  upon 
material  which  may  be  logically  assumed  to  be  amenable  to  analysis 
by  this  technique,  causes  components  which  are  common  to  all  or 
various  groups  of  variables  to  emerge  and  to  become  subject  to 
quantitative  treatment.  When  the  mathematical  processes  are  com- 
pleted, so-called  factor  loadings  are  obtained  for  each  of  these 
factors  or  components  which  are  in  effect  zero  order  correlations 
of  each  variable  with  these  factors.  The  method  itself  contributes 
nothing  to  the  identification  of  these  factors  or  components.  Such 
identification  must  be  made  upon  other  grounds.  Usually,  however, 
the  logic  of  the  situation  is  sufficiently  clear  to  render  such  identi- 
fication relatively  easy. 

In  this  study,  eighteen  anthropometric  measurements  were  anal- 
yzed by  the  method  of  factor  analysis  for  each  of  six  age  groups  of 
each  sex.  The  measurements  and  age  groupings  will  be  seen  in 
Tables  3  to  8.  Three  important  common  growth  factors  emerged  and 
were  identified  with  relative  ease.  The  first  factor  is  evidently  that 
which  represents  the  linear  growth  component  and  is  greatest  in 
such  measurements  as  height  and  sitting  height.  A  second  factor 
has  been  called  the  factor  of  cross-sectional  growth.  This  factor 
is  zero,  or  approximately  so,  in  height  and  sitting  height,  and  is 
most  heavily  loaded  in  such  measurements  as  the  chest  dimensions 
and  the  girths  of  the  limbs.  A  third  factor,  fat,  is  very  little 
larger  than  its  probable  error  in  anything  except  the  four  measure- 
ments of  fat. 

As  we  examine  these  tables,  it  is  apparent,  as  would  be  expected, 
that  height  is  by  all  odds  the  best  measurement  of  linear  growth. 
Since  body  build  seems  to  be  primarily  a  relationship  of  cross-sec- 
tional growth  to  linear  growth,  we  must  determine  the  best  meas- 
urement of  the  cross-sectional  growth  component.  The  largest  cor- 
relation between  the  cross-sectional  growth  factor  and  the  individ- 
ual measurements  is  found  in  the  muscle  girths.  These,  however, 
are  not  satisfactory  measurements  for  the  i)urpose  of  identifying 


APPRAISING  PHYSICAL  STATUS 


27 


types  because  of  their  fjreat  })ro|)ensity  to  chaiifjes,  both  in  I'at  dis- 
tribution and  museuhir  development.  To  illustrate,  it  would  be 
quite  possible  if  the  jjirth  of  the  upper  arm  were  used  for  the  pur- 
pose of  determining?  build  to  chanp;e  an  individual  from  the  linear 
to  the  lateral  end  of  a  disti-ibution  after  a  year  of  heavy  ?;ym- 
nastics,  or  for  an  individual  havino-  the  misfortune  to  become 
emaciated  because  of  some  disease  to  chan<?e  from  lateral  to  linear 
within  a  season.  It  is  therefore  desirable  that  the  measurement 
used  should  be  one  not  of  muscular  development  but  of  bony  frame- 
work. From  the  standpoint  of  the  factor  analysis,  the  best  choice 
seems  to  be  that  of  chest  circumference.  Additional  evidence  to 
support  this  choice  is  also  found  on  page  48. 

Consideration  was  next  given  to  weight  as  a  possible  better 
measure  of  cross-sectional  growth.  Since  weight  is  composed  large- 
ly of  linear  growth  as  well  as  of  cross-sectional  growth,  linear 
growth  was  partialed  out.  Since  the  correlation  between  ortha- 
gonal  factors  is  zero,  the  partial  correlation  of  weight  and  cross- 
sectional  growth,  with  linear  growth  constant,  could  well  be  com- 

Table  3 
Factor  Loadings  for  Fat  Growth:    Males 


Age  Group 

Measurement 

4 

6 

10 

14 

-m. — ^ 

Babies 

Years 

Years 

Years 

Years 

College 

Weight 

—  .01(10 

-.0067 

.0489 

.1202 

.0002 

.043 

Height 

.0808 

.0279 

.0043 

.1403 

.0398 

.128 

Sitting  Height 

.0.531 

.0135 

-.0078 

.0752 

.0178 

.086 

Shoulders 

-.0530 

-.1509 

.0257 

-.0424 

-.0204 

-.043 

Hips 

-.0006 

-.1320 

.1181 

-.0414 

.0621 

.273 

Chest  Width 

.1068 

-.3182 

-.1907 

.0123 

-.018 

Chest  Depth 

-.3317 

-.1979 

-.1450 

.0378 

.030 

Chest  Circum- 

ference 

-.0076 

.0619 

-.0929 

-.0945 

-.0349 

—  .010 

Elbow 

-.1816 

-.1641 

-.0622 

-.1698 

-.0034 

.250 

Knee 

—  .2302 

.1793 

-.0061 

-.0633 

.0288 

-  .25(i 

Arm 

.0877 

.0870 

.1632 

.1263 

-.0004 

.011 

Forearm 

.0717 

.1029 

.0124 

-.0552 

-.1078 

-.058 

Thigh 

.0768 

-.0577 

.0868 

.1503 

.0361 

.208 

Calf 

.0781 

-.1416 

-.0144 

-.0033 

.0032 

-.063 

Arm  Front 

.3207 

.7397 

.6670 

.4255 

.2474 

.544 

Arm  Back 

.4594 

.6061 

.6972 

.5090 

.1801 

.498 

Chest  Front 

.5234 

.8603 

.6835 

.5927 

.2441 

.672 

Chest  Back 

.5685 

.6574 

.5106 

.6281 

.1505 

.538 

Table  4 
Factor  Loadings  for  Cross  Sectional  Growth: 


Males 


Measurement 

Age  Group 

Babies 

4 
Years 

6 
Years 

10' 
Years 

14 
Years 

College 

Weight 
Height 

.4538 

.0000 

.5757 

.0000 

.5762 
.0000 

.5588 
.0000 

.3172 
.0000 

.818 
.000 

Sitting  Height 

.1300 

-.0364 

.1175 

.0819 

-.0304 

.051 

Shoulders 

.5143 

-  .0233 

.2698 

.2719 

.0530 

.363 

Hips 

.5661 

.3040 

.2151 

.2286 

.1660 

.313 

Chest  Width 

.2192 

..5489 

.4425 

.2514 

.646 

Chest  Depth 

■  ,4052 

.5488 

.5975 

.2913 

.667 

Chest  Circum- 

ference 

.4759 

.5220 

.7427 

.5944 

.3639 

.838 

Elbow 

.5122 

.7618 

.2567 

.2885 

.0867 

.375 

Knee 

.3885 

.5648 

.2199 

.3482 

.3028 

.464 

Arm 

.6931 

.8255 

.8337 

.7.522 

.5800 

.910 

Forearm 

.7054 

.9111 

.7235 

.7020 

.3356 

.812 

Thigh 

.6259 

.7849 

.7623 

.7040 

.6349 

.860 

Calf 

.6824 

.7846 

.6789 

.6349 

.3960 

.705 

Arm  Front 

.5997 

.1674 

.4186 

.6537 

.8435 

.592 

Arm  back 

.6013 

.1857 

.4586 

.6273 

.8065 

.612 

Chest  front 

.4678 

.1661 

.3281 

.6149 

.8314 

.451 

Chest  back 

.4489 

.2470 

.5246 

.4993 

.8007 

.367 

Table  5 
Factor  Loadings  for  Linear  Growth:     Males 


Age  Group 

Measurement 

4 

6 

10 

14 

Babies 

Years 

Years 

Years 

Years 

College 

Weight 

.8778 

.7694 

.7749 

.7843 

.9588 

.514 

Height 

.9239 

.9679 

.9341 

.9557 

.8146 

.842 

Sitting  Height 

.8828 

.8910 

.8413 

.89.54 

.7996 

.561 

Shoulders 

.6387 

.5528 

.6828 

.6172 

.5017 

.414 

Hips 

.7284 

.6065 

.7339 

.8072 

.6514 

.540 

Chest  Width 

.6462 

.4456 

.6285 

.7138 

.357 

Chest  Depth 

.4452 

.3307 

.5312 

.5192 

.176 

Chest  Circum- 

ference 

.8175 

.5727 

.5123 

.6946 

.8146 

.217 

Elbow 

.6537 

.3468 

.6771 

.6886 

.4777 

.458 

Knee 

.7496 

..5372 

.7835 

.8103 

.5782 

.332 

Arm 

.6650 

.1682 

.3566 

.5312 

.7721 

.034 

Forearm 

.6803 

.2513 

.5620 

.6154 

.8238 

.276 

Thigh 

.6707 

.3220 

.4621 

.6279 

.8445 

.124 

Calf 

.6912 

.2585 

.5969 

.6723 

.7416 

.152 

Arm  Front 

.5662 

-.1467 

.0815 

.1477 

.7728 

-.188 

Arm  Back 

.5075 

-.1974 

.1418 

.2847 

.7350 

-.230 

Chest  Front 

.5076 

-.2568 

-.0216 

.2356 

.7614 

-.193 

Chest  Back 

.5711 

-.2654 

.0786 

.3918 

.6781 

-.247 

Table  6 
Factor  Loadings  for  Fat  Growth:    Females 


Age  Group 

Measurement 

4 

6 

10 

13 

Babies 

Years 

Years 

Years 

Years 

Weight 

.0706 

.0881 

-.0707 

.0015 

.1043 

Height 

-.1001 

-.0129 

-.0307 

.0258 

.0051 

Sitting  Height 

-.1720 

-.1457 

-.0433 

-.0315 

.0130 

Shoulders 

-.1824 

-.0189 

.0848 

.0613  - 

-.1.587 

Hips 

-.1486 

.1842 

.0720 

.0550 

.0737 

Chest  Width 

-.1986 

-.0407 

.1760  ■ 

-.1344 

Chest  Depth 

-.0834 

-.0595 

.2599 

.1358 

Chest  Circumference 

.0690 

.0860 

.0131 

.2251 

.0313 

Elbow 

-.1685 

-.2157 

-.1964 

-.2354 

-.2319 

Knee 

-.2214 

.2031 

.0886 

-.4926 

.0919 

Upper  Arm 

.2000 

.0016 

-.0139 

.11.59 

.0764 

Forearm 

.0489 

-.0377 

.0128 

-.0374 

-.0461 

Thigh 

.2254 

.1800 

.1162 

.0444 

.1612 

Calf 

.2821 

-.1645 

-.0043 

-.0786 

.0063 

Arm  Front 

.4590 

.7784 

.6578 

.23.59 

.6486 

Arm  Back 

.5795 

.6492 

.5249 

.2535 

.5334 

Chest  Front 

.6921 

.55.54 

.7536 

.1019 

.4526 

Chest  Back 

.5323 

.2106 

.6379 

.3955 

.4986 

Table  7 
Factor  Loadings   for   Cross  Sectional   Growth:     Females 


Age  Group 

Measurement 

4 

6 

10 

13 

Babies 

Years 

Years 

Years 

Years 

Weight 

.2658 

.5611 

.4898 

.6607 

.6787 

Height 

.0000 

.0000 

.0000 

.0000 

.0000 

Sitting  Height 

.2427 

.1006 

.0670  • 

.0557 

.0351 

Shoulders 

.7532 

.2685 

.2716 

.2295 

.4493 

Hips 

.7231 

.3149 

.1079 

.3718 

.3261 

Chest  Width 

..5817 

.2513 

.4484 

.5938 

Chest  Depth 

.7328 

.2619 

.5782 

.6210 

Chest  Circumference 

.4899 

.7994 

.4769 

.6533 

.7062 

Elbow 

.6768 

.5758 

.3673 

.3654 

.6453 

Knee 

.6807 

.4455 

.2344 

.4820 

.6082 

Upper  Arm 

.7027 

.8205 

.8164 

.8266 

.8384 

Forearm 

.6522 

.8481 

.5970 

.8186 

.8289 

Thigh 

.6465 

.7350 

.5912 

.8069 

.6725 

Calf 

.6675 

.6616 

.5847 

.6905 

.7385 

Arm  Front 

.4827 

.2768 

.4792 

.8666 

.5148 

Arm  Back 

.4048 

.4640 

.6084 

.8292 

.6743 

Chest  Front 

-.0050 

.4216 

.1728 

.7377 

.3193 

Chest  Back 

.3426 

.4698 

.5509 

.6512 

.4789 

30 
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Table  8 
Factor  Loadings  for  Linear  Growth:    Females 


Measurement 

Age  Group 

Babies 

4 
Years 

6 
Years 

10 
Years 

13 

Years 

Weight 

.0511 

.8016 

.8047 

.7126 

.7002 

Height 

.9146 

.8909 

.8789 

.9112 

.9281 

Sitting  Height 

.8445 

.9182 

.8444 

.8375 

.8562 

Shoulders 

.1904 

.7070 

.7262 

.6937 

.5343 

Hips 

.3274 

.7418 

.9037 

.8217 

.8192 

Chest  Width 

.5343 

.7960 

.6.552 

.5789 

Chest  Depth 

.1485 

.5607 

.4142 

.4472 

Chest  Circumference 

.7255 

.4374 

.7218 

.5622 

.4441 

Elbow 

.4.539 

.4930 

.6425 

.5668 

.3788 

Knee 

.370(5 

.6831 

.8147 

.5880 

.4247 

Upper  Arm 

.5606 

.2023 

.5081 

.3339 

.3815 

Forearm 

.6357 

.3965 

.6671 

.3981 

.4170 

Thigh 

..5396 

.4940 

.6248 

.4417 

..5977 

Calf 

..5828 

.5278 

.7103 

.4758 

.4786 

Arm  Front 

.3518 

-.0084 

.2916 

.0218 

.1414 

Arm  Back 

.3200 

.1390 

.2366 

-.0854 

.2487 

Chest  Front 

.3661 

.1144 

.3783 

.0075 

.2102 

Chest  Back 

.3311 

-.1309 

.2356 

.0407 

.0641 

piited.  For  the  twelve  age  groups  computed,  the  partial  correla- 
tion was  above  .90  in  nine  cases,  above  .80  in  two  cases,  and  .735  in 
the  remaining  case  (ten-year-old  boys).  These  correlations  are 
larger  than  the  factor  loadings  of  the  largest  other  measurement 
with  cross-sectional  growth  in  nearly  all  cases;  hence,  when  used 


in  the  form  of 


Weiffht^ 


an  index  whicli  of  itself  "holds  height 


Height 

(linear  growth)   constant,"  this  should  be  a  very  superior  index 
of  body  build. 

If  weight  is  used  in  its  crude  form  (actual  weight),  this  index 
number  would  be  subject  to  the  same  objections  as  those  raised  to 
the  use  of  the  girth  of  the  limbs,  namely,  that  it  might  be  unduly 
influenced  by  fat  or  muscular  development.  This  objection  can  be 
readily  obviated,  however,  by  using  the  predicted  normal  weight 
(see  Chapter  IV)  in  place  of  actual  weight.  As  this  normal  weight 
is  computed  from  skeletal  measurements  which  have  been  corrected 
for  fat,  this  objection  is  removed. 

Since  the  index  of  buihl  is  expressed  in  terms  of  cross-sectional 
growth  relative  to  linear  growth  in  the  case  cither  of  chest  circum- 
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ference  or  AVcight^'^,  the  number  indicating  cross-sectional  growth 

should  be  divided  by  height.     Thus  we  i)ropose  for  use  as  indices 

„      ,,  p  •    T     .•       ,    •,  1     •.,         Chest  Circumference 

lor  the  pur])ose  ot  indicating  buikl  either    --t  •  i  ^ 

Height 

Normal  Weight''^      m,      j.  •    .1        •      1  i  .1 

or      ,.  .   , — ^^ —   ,     Tlie  former  is  the  sim])ler  and  the  more 

Height 


'»' 


convenient  to  use.  If  normal  weight  is  available,  however,  the 
second  index  can  be  computed  almost  as  rapidly  on  a  slide  rule  by 
the  use  of  the  cube  scale. 

As  has  been  indicated  by  the  researches  of  Draper  (14),  it  is 
probably  true  that  to  divide  constitutional  types  into  finer  group- 
ings for  the  purpose  of  indicating  probable  susceptibilities  to  cer- 
tain diseases,  an  entirely  different  approach  to  this  problem  of  type 
must  be  devised.  From  the  standpoint  of  the  anthropometrist  who 
is  endeavoring  only  to  determine  the  physical  status  of  an  individ- 
ual and  who  does  not  concern  himself  with  susceptibilities  to  cer- 
tain specific  diseases,  these  wider  categories  seem  to  be  entirely 
adequate.  In  the  remainder  of  this  volume,  therefore,  we  shall 
speak  of  body  type  in  terms  of  a  continuous  distribution  from  one 
extreme  which,  following  Stockard  (41),  we  shall  term  linear  to 
the  other  extreme  which  we  shall  term  lateral.  There  is  consider- 
able evidence  to  indicate  that  the  distribution  of  build  follows  ap- 
proximately the  normal  curve. ^ 


„.      .,      .  ,         ,      ,        Weight  %  J     ^,       Chest   Circumference    .    ,. 

1  Distributions    were    made    of     tlie     , ,   .   , —  and     the .   .  ^ indices 

Height  Height 

for   seventeen-   and   eighteen-year-old   males.      These   were    analyzed    for    type    of    distribu- 
tion by  Pearson's  method  of  moments   (N  =  265). 

It  will  be  recalled  that  where  a  curve  is  "normal,"  according  to  the  Pearsonian  no- 
tation, Rj  =  0,  ft,  =  3,  K,  =:  0.  In  these  distributions,  the  following  constants  were 
found :  Weight  %  Chest   Circumference 

Height  '  Height  ' 

P,  .0426    ±    .034  .0051    ±    .004 

(3,  3.1580    ±    .287  2.9620    ±    .194 

KJ  .1718    ±    .320  —   .0419    ±    .065 

„.  ,      Chest   Circumference     ,.,.,,.        ,    ,  .... 

There  is  little   doubt   that   the ^^  .   . distribution    belongs   to    the   transition 

Height 

type    of    normal    curve,    as    only    one    of    the    constants    is    more    than    one    probable    error 

Weight  % 
away   from  the  theoretical  value,   and   that   one  is  very   close.      The     ..   .   .  distribution 

Height 

is    a    little    more    doubtful,    and    seems    to    be    very    slightly    skewed    and    to    lean    slightly 

towards  the  type   IV    curve,    though   here,    again,    the    constants    are   witliia    one    probable 

error    of    the    normal    curve    values.      The   type    IV    curve    fit    is    slightly    better   than    tiie 

fit  of   the   normal   curve.       (The   probable   error   of   K„    in    this   curve    is    of   a   value   for 

which    it   is   very    hard   to    compute    the    probable    error    from    Pearson's    tables,    and   this 

value   may   be   somewhat    off    from    its    true    value).      It    is    quite    obvious,    however,    that 

both    distributions    are    far    from   bimodal,    as    would   be    demanded    by    the    Kretschmerian 

theories,    and   are   very  close   to   the   type   of   symmetrical,    unimodal    distribution    of    which 

the  normal  curve  is  the   classic  example. 
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As  will  be  seen  in  Chapter  IV,  normal  weight  is  most  highly 
correlated  with  height,  chest  circumference,  width  of  hips,  and 
widths  of  elbow  and  knee.  These  are  all  measurements  which  in 
the  factor  analysis  data  given  in  Tables  4  and  7  are  relatively 
highly  correlated  with  the  cross-sectional  measurements,  with  the 
exception  of  height,  which  is  added  for  the  purpose  of  contributing 
the  third  dimension  to  the  measurement  of  volume  (weight). 


CHAPTER  III 

CRITERIA  FOR  THE  SELECTION  OF 
MEASLTREiMENTS 

For  the  purpose  of  selecting  anthropometric  measurements  wliicli 
may  be  best  a(lai)ted  to  tlie  evaluating-  of  i)hysical  status,  certain 
criteria  or  standards  of  judgment  must  first  be  formulated.  These 
criteria  may  be  best  discussed  in  relation  to  specific  areas  of  an- 
thropometric appraisement. 

For  the  purpose  of  evaluating  i)hysical  status  the  measurements 
may  be  divided  into  four  groups :  ( 1 )  those  which  measure  general 
nutritional  status,  (2)  those  which  measure  the  amount  of  sub- 
cutaneous fat,  (3)  those  which  measure  muscular  development, 
and  (4)  those  which  measure  respiratory  condition. 

In  considering  the  problem  of  nutritional  status,  three  approaches 
to  the  problem  are  commonly  made  by  students  of  applied  anthro- 
I)ometry.  The  first  is  an  attempt  to  determine  the  normal  or  sta- 
tistically "best"  weight  of  the  body,  and  then  to  interpret  the 
standard  and  the  actual  weight  in  terms  of  a  percentage  of  over- 
and  underweight.  Over-  and  underweight  are  concepts  which  have 
been  used  for  centuries  by  physicians  and  health  workers  with  no 
very  valid  researches  to  prove  their  value.  Physicians  from  tiie 
time  of  Hippocrates  have  believed  that  a  loss  of  weight  or,  its 
equivalent  in  growing  children,  failure  to  grow  has  frequently  been 
an  accompaniment  of  some  organic  disease.  On  the  other  hand, 
gain  in  weight  within  normal  limits  has  been  believed  to  be  an 
accompaniment  of  improving  health.  These  normal  changes  would, 
of  course,  exclude  abnormal  growth  in  weight  due  to  any  form  of 
glandular  malfunction  which  resulted  in  obesity.  The  studies  in 
this  field  have,  on  the  whole,  been  badly  conceived  and  offer  little 
of  value.  The  clinical  experience  of  dozens  of  i)ediatricians  and 
school  physicians  has  upheld  the  theory  that  loss  of  weight  or  fail- 
ure to  gain,  particularly  in  children,  is  a  bad  thing. 

This  normal  weight,  as  was  shown  in  Chapter  II,  must  l)e  in- 
terpreted in  terms  of  the  individual's  build.  The  slender,  linear 
type  of  individual  is,  and  should  be,  lighter  in  weight  for  the  same 
height  than  the  stocky,  lateral  type  of  individual.     For  purposes 
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of  predicting  what  this  normal  weight  should  be,  some  standards 
must  be  devised.  These  will  be  primarily  measurements  involving 
the  size  of  the  skeleton  both  as  to  dimensions  of  the  thoracic  cage 
and  hips,  and  as  to  the  thickness  or  coarseness  of  the  long  bones. 
Only  when  the  standard  weight  has  been  computed  from  such 
fundamental  bases  can  under-  and  overweight  be  considered  sig- 
nificant enough  to  be  used  in  directing  thef  hygienic  regimen  of  the 
eliild. 

The  second  measurement  of  nutritional  status  is  the  relative 
amount  of  fat.  The  amount  of  fat  underlying  the  skin  needs  to  be 
measured  and  a  norm  or  standard  found  to  determine  whether  or 
not  the  fatty  deposits  of  any  given  individual  are  greater  or  less 
than  the  optimum  amount.  Fat  also  enters  into  the  problem  of 
under-  and  overweight,  but  it  is  i)artly  a  factor  to  be  measured  and 
interpreted  separately. 

The  third  measurement  used  in  nutritional  status  studies  is  that 
of  the  normal  development  of  muscle.  This  will  be  considered 
under  two  general  headings :  ( 1 )  muscle  as  it  makes  up  the  general 
luitritional  background  of  the  body,  and  (2)  muscle  as  an  organ 
for  strength.  It  is  well  established  (10)^  that  muscular  develop- 
ment is  one  of  the  factors  determining  adequate  weight  for  any 
given  type,  and  the  lack  of  this  muscular  development  is  frequently 
associated  with  chronic  poor  nutrition. 

The  fourth  item,  the  respiratory  condition,  in  addition  to  the 
diagnosis  of  specific  diseases,  which  is  outside  the  hicope  of  this 
study,  is  anthropometrically  determined  by  the  relative  breathing 
capacity,  or  the  amount  of  air  the  individual  can  exhale  in  a  forced 
exhalation  following  a  full  inhalation.  The  standards  for  normal 
breathing  capacity  will  be  discussed  in  the  second  volume.  The 
only  effective  method  at  the  present  time  for  measuring  the  relative 
physiological  functioning  of  the  lungs  is  that  used  in  the  physiolog- 
ical la])orator3%  W'hicli  is  far  too  complicated  for  use  in  everyday 
practice.  Studies  using  these  complicated  methods,  however,  have 
shown  that  the  respiratory  function  for  any  given  size  of  breath- 
ing capacity  varies  as  much  as  20  per  cent ;  that  is,  some  lungs, 
particularly  when  the  individual  has  been  in  training  for  a  suf- 
ficiently long  time,  transmit  more  oxygen  and  carbon  dioxide  per 
breath  than  do  other  lungs.  The  breathing  capacity  of  the  lungs 
is  easily  measured  in  almost  any  child  above  the  age  of  five  or  six, 


2  See  also  Chapter  IV. 
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although  much  care  must  be  u.scd  with  the  younger  children  to 
obtain  a  maximum  record.  There  is  no  particular  problem  as  to 
the  technique  or  the  instrument  to  be  used. 

GENERAL  CRITERIA 

Statisticians  who  analyze  aiithroi)ometric  data  and  who  propose 
standards  based  u])on  such  analyses  are  forced  to  make  certain 
assumptions,  the  validity  of  which  determines  the  validity  of  their 
conclusions.  One  of  these  assum})tions  is  that  the  "regression 
value"  of  the  selected  sample  may  be  assumed  to  be  a  reasonal)lc 
"best"  standard.     We  shall  try  to  defend  this  thesis. 

First  let  us  define  in  nontechnical  language  the  term  ' '  regression 
value."  Any  one  trait  or  variable  in  one  age  of  individuals  of  a 
single  sex  will  usually  distribute  itself  symmetrically  around  the 
average  value.  The  largest  number  of  individuals  will  lie  on  or 
near  this  average  and  a  rapidly  diminishing  number  will  lie  farther 
and  farther  away  from  this  average.  If  one  were  to  predict  the 
most  probable  value  of  this  single  variable  with  no  other  informa- 
tion than  that  the  individual  was  of  this  age  and  sex,  the  probable 
error  of  prediction  would  be  least  if  he  predicted  the  average. 

Now  let  us  assume  a  more  complicated  situation.  Suppose  that 
we  are  attempting  to  predict  the  weight  of  an  individual  of  kno^^^l 
age  and  sex  from  his  chest  girth  alone.  If  a  distribution  be  made 
of  weights  and  chest  girths  in  the  form  of  what  is  ordinarily  called 
the  scatter  diagram,  it  will  be  seen  that,  on  the  whole,  individuals 
with  larger  chests  are  heavier  and  those  with  smaller  chests  are 
lighter.  If  distributions  of  weights  are  made  for  each  size  of  chest, 
a  best  fitting  line  drawn  through  the  averages  of  these  distri])utions 
will  be  known  as  a  regression  line,  and  from  it  the  most  probable 
weight  for  one  of  this  age  and  sex  having  any  given  size  of  chest 
may  be  predicted. 

Similarly,  when  more  than  one  variable  is  used  to  predict  another 
variable,  an  algebraic  equation  may  be  formed  compounding  a 
number  of  regression  equations  in  a  sort  of  "best  weighted"  way, 
so  that  the  variable  which  one  is  attempting  to  predict  may  be  pre- 
dicted more  accurately  from  these  several  individual  variables  than 
it  may  be  predicted  from  any  one.  In  other  words,  the  correlation 
between  the  variable  to  be  predicted  and  the  value  obtained  from 
this  compound  algebraic  equation  will  be  higher  than  the  correla- 
tion between  the  variable  and  any  other  combination  of  the  variables 


36  IOWA  STUDIES  IN  CHILD  WELFARE 

upon  which  the  prediction  is  based.  Thus,  weight  for  those  of  any 
given  age  and  sex  will  be  predicted  more  accurately  from  height, 
chest  girth,  width  of  hips,  and  width  of  knee  than  it  will  be  from 
any  one  of  those  variables  alone.  This  algebraic  equation  is  called  a 
multiple  regression  ecjuation  and  is,  in  effect,  the  average  value  for 
the  predicted  variable  as  it  would  be  found  from  a  large  sample  of 
individuals  having  the  same  height,  chest  girth,  hips,  and  knee  size. 
The  i)roblem  before  us  now  is  to  justify  this  standard  as  a  "best" 
standard. 

Let  us  take  an  illustration  from  another  field.  As  is  well  knowTi 
to  those  familiar  with  physiological  conditions,  variations  in  the 
output  of  the  glands  of  internal  secretion  affect  the  functional 
health  of  the  individual  to  a  very  large  degree.  For  example,  if  the 
output  of  the  thyroid  gland  is  excessive,  the  individual  grows  too 
rapidly  in  his  long  bones,  becomes  thin  and  lacking  in  fat,  is 
nervous,  tense,  and  burns  too  much  energy.  If  this  secretion  be- 
comes still  greater  in  amount,  the  individual  becomes  definitely 
diseased.  If,  on  the  other  hand,  the  amount  of  this  secretion  of  the 
thyroid  gland  is  under  the  normal  amount,  other  and  quite  dif- 
ferent symptoms  appear  which  are  equally  distressing  and  dis- 
abling. Something  like  an  average  amount  seems  to  be  necessary 
for  the  best  functioning  for  health.  It  is  also  well  known  that  the 
thyroid  gland  in  its  functioning  is  closely  related  to  the  functioning 
of  the  pituitary,  the  suprarenals,  and  the  sex  glands.  The  out-put 
and  function  of  any  one  of  them  is  influenced  by  all  of  the  others. 

Let  us  now  assume  that  the  output  of  each  of  these  glands  of  in- 
ternal secretion  could  be  accurately  measured.  Let  us  further 
assume  that  the  size  of  various  internal  organs  might  be  known, 
and  we  can,  of  course,  assume  that  the  body  can  be  measured  so 
far  as  its  external  dimensions  are  concerned.  It  would  seem  then 
that  one  might  validly  assume  (1)  that  the  "best  average  amount"' 
of  thyroid  output  might  be  determined  from  the  output  of  the  other 
glands,  from  the  size  and  functional  condition  of  the  viscera,  and 
from  the  size  of  the  body  itself  and  (2)  that  the  composite  average 
which  one  would  obtain  from  a  multiple  regression  equation  based 
upon  a  knowledge  of  these  other  variables  would  represent  this 
average  output  of  the  thj-roid  gland  for  that  i)articu]ar  sized  in- 
dividual who  had  that  particular  make-up  in  the  various  structures 
and  functions  of  his  bod}'.  We  should  like  to  advance  the  theory 
that  such  an  average,  when  computed  from  individuals  representing 
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a  good  sami^le  ol'  the  population  I'ruiii  the  staiidpnint  of  licaltli,  ma}' 
be  held  to  represent  natiire's  best  experience,  and  that  departures 
from  this  average  in  cilhcr  direction  represent  departures  into  the 
zones  of  the  abnormal. 

Let  lis  now  discuss  this  from  the  standpoint  of  the  wciiiht  of  the 
individual.  It  is  tlic  common  experience  of  medical  practitioners 
that  underweight  —  which  is  in  ei^'ect  weight  le^s  than  this  average 
for  sex,  age,  size,  and  build  —  is  most  frequently  associated  with 
ill  health.  Life  insurance  statistics,  on  the  other  hand,  indicate 
that  overAveight  or  fatness  beyond  a  certain  zone  of  normality  is 
associated  with  a  shorter  life  expectancy.^  In  this  relationshij),  too, 
then  it  would  seem  that  the  average,  when  computed  fioni  a  sig- 
nificantly large  number  of  relevant  variables,  may  be  defended  as 
being  nature's  best  experience. 

The  same  argument  might  be  extended  into  many  other  areas  of 
anthropometric  standards,  such  as  muscular  development,  the  size 
of  the  breathing  capacity,  blood  pressure,  pulse  rate,  basal  meta- 
bolic rate,  and  many  other  objectively  measurable  variables.  It  is 
difficult  to  prove  this  thesis  with  absolute  scientific  validity,  but 
we  shall  assume  its  validity  throughout  this  study  upon  the  philo- 
sophical grounds  presented  above. 

The  validity  of  this  multiple  regression  standard  is  dependent, 
of  course,  upon  the  sampling  from  which  it  is  computed.  Multiple 
regressions  might  be  computed  from  an  exceedingly  subnormal, 
malnourished  population  which  would  produce  standards  far  beU)W 


3  "It  seems  clear,  therefore,  that  for  iicrsons  beyond  30,  underweight  is  distinctly  an 
advantage  so  far  as  a  favorable  iirospect  of  mortality  is  concerned.  It  is  erroneous 
to  suppose  that  weight  should  increase  with  age,  as  we  have  been  led  to  believe  by 
the  tables  for  average  weights.  This  increase  with  advancing  age  is,  of  course,  a  very 
common  occurrence,  but  there  is  every  indication  that  it  is  a  disadvantage  and  should 
be  carefully  avoided.  The  public  health  movement  in  its  attack  upon  the  diseases  of 
the   adult   and   later   life   will  do   well   to   bear  this   fact   in    mind. 

"The  body  weight  of  persons  in  adult  and  later  life  gives  a  fair  indication  of  the 
amount  of  work  v.hich  is  thrown  upon  the  digestive,  circulatory,  and  excretorj'  systems. 
As  men  grow  older,  the  difficulties  of  normal  functioning  of  these  systems  increases 
with  the  accumulation  of  impairments.  At  the  same  time,  persons  as  they  advance  in 
age  seem  to  grow  more  inclined  to  take  in  more  food,  especially  proteins  and  fats,  and 
less  inclined  to  indulge  in  wholesome  exercises.  This  has  a  tendency  to  place  more 
and  more  of  a  strain  upon  the  food  utilization  machinery  and  consequently  to  hasten 
the  breakdow-n  of  the  organs  concerned  in  these  processes.  A  realization  of  these 
facts  on  the  part  of  the  public  would  lead,  no  doubt,  to  marked  changes  in  habits  of 
diet  and  exercise,  and  to  an  amelioration  of  conditions  which  today  lead  to  so  much 
mortality  from  diseases  of  the  heart,  blood  ves.sels  and  kidneys.  There  is  abundant  clinical 
evidence  to  prove  that  through  the  restriction  of  conditions  premonitory  of  organic  im- 
pairment and  eventual  breakdown  of  the  circulatory  and  excretory  systems  have  been 
averted.  These  facts  from  life  insurance  records  only  tend  to  reinforce  what  hygienists 
have  been   advocating   for  years."      (2) 
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those  which  could  be  accepted  as  desirable.  The  sample  from  which 
these  studies  have  been  made  is  taken  largely  from  the  population 
of  the  University  elementary  school,  the  University  high  school, 
and  the  freshman  and  sophomore  classes  of  the  State  University 
of  Iowa  in  Iowa  City.  These  individuals  represent  a  somewhat 
superior  socio-economic  group.  The  elementary  and  high  schools 
charge  tuition,  and  most  of  their  population  comes  from  homes  of 
sufficient  economic  independence  to  be  able  to  afford  to  send  their 
children  to  a  private  school.  It  may  be  held  by  some  that  even 
this  population  group  does  not  represent  ideal  living  conditions. 
That  is  probably  true.  It  is  believed,  however,  that  this  group 
represents  about  as  ideal  a  group  as  one  is  apt  to  find  in  our  pop- 
ulation today  living  under  the  present  American  civilization.  These 
standards  should  be  interpreted  in  the  light  of  this  sampling.  It 
is  believed  that  if  they  depart  significantly  from  a  "good"  average, 
the  departure  is  on  the  desirable  side  rather  than  on  the  side  of  a 
poor  development.  It  should  be  noted  also  that  the  fact  that  this 
group  might  be  slightly  larger  or  better  developed  than  other 
groups  would  not  affect  the  standards  as  they  would  be  applied  to 
other  groups,  for  the  multiple  regression  values  are  computed  for 
individuals  having  the  same  skeletal  make-up  as  the  individual 
measured. 

The  second  definite  criterion  which  has  been  assumed  and  which 
also  will  be  defended  philosophically  is  that  the  best  selection  of 
variables  for  the  prediction  of  the  criterion  variable  is  not  nec- 
essarily the  one  which  gives  the  highest  correlation  with  the  cri- 
terion, but  is  the  set  of  variables  which  can  be  assumed  both  log- 
ically and  mathematically  to  be  those  best  adapted  to  determining 
what  a  normal  development  should  be.  This  can  be  illustrated  by 
the  problem  of  predicting  weight.  It  has  been  shown  (17)  that  it 
is  quite  possible  to  use  anthropometric  measurements  and  predict 
weight  so  accurately  as  to  obtain  a  multiple  correlation  of  .98.  To 
predict  weight  this  accurately,  however,  it  is  necessary  to  select 
variables  which  include  fatness  and  present  muscular  development 
as  well  as  the  more  fundamental  bony  structures.  If  in  predicting 
weight  one  uses  not  only  measurements  of  the  bony  skeleton  but 
measurements  of  the  muscle  masses  of  the  limbs,  taken  over  fat, 
and  also  includes  measurements  taken  over  masses  of  fat,  such  as 
the  width  of  the  hips  over  the  greater  trochanters,  one  can  predict 
weight  almost  as  accurately  as  it  can  be  weighed  on  the  scales. 
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But  there  would  be  no  point  to  predicting  weight  by  such  a  method. 
It  would  be  much  simpkn*  to  weigh  the  person.  This  method  of 
prediction  states  in  effect  that  the  individual  weighs  so  many  pounds 
because  he  is  so  large,  so  fat,  and  so  well  developed  muscularly. 
We  shall  assume  in  this  series  that  there  are  certain  fundamental 
bodily  structures  which  determine  more  accurately  than  other  ac- 
cessory structures  what  a  person's  normal  weight  should  be.  It  is 
further  assumed  that  these  accessory  structures,  such  as  fat  and 
muscle  size,  should  be  disregarded  when  computing  standards  for 
weight,  and  that  these  standards  should  be  computed  from  the  skel- 
etal build  of  the  person.  This  raises  the  question,  is  the  size  or  the 
development  of  the  skeleton  at  the  time  the  individual  is  measured 
normal  for  his  inheritance?  It  is  ([uite  possible  that  any  given 
individual  at  some  time  in  the  i)ast  may  have  been  malnourished 
or  diseased,  so  that  his  skeleton  remained  somewhat  smaller  or  less 
well-developed  than  it  should  be  at  the  present  time.  An  anthropo- 
metrist  measuring  this  child  today,  however,  is  forced  to  judge  him 
as  he  is  and  to  estimate  what  he  should  weigh  for  his  skeletal  de- 
velopment now.  All  of  the  standards  proposed  in  this  series  of  ])ub- 
lications  are  for  the  individual  as  per  his  present  skeletal  develop- 
ment and  maturity  and  make  no  attempt  to  assay  his  hereditary 
potentialities  as  they  might  have  been  had  they  not  been  changed 
by  favorable  or  unfavorable  environmental  influences  in  the  past. 
A  third  general  criterion  forces  us  to  depart  somewhat  from 
strict  scientific  accuracy  and  completeness.  This  criterion  is  that 
of  simplicity  and  practicability;  As  was  suggested  in  Chapter  I, 
any  institution  or  person  concerned  with  child  welfare  is  forced 
to  compromise  between  scientific  completeness  and  practical  use- 
fulness in  any  large  scale  service  to  the  individual.  Experience  has 
shown  that  school  teachers,  nurses,  and  ])hysicians  will  not  make 
use  of  exceedingly  comi)licated  standai'ds  even  though  their  ac- 
curacy be  quite  superior.  They  are  much  more  apt  to  make  use  of 
standards  which  can  be  measured  quickly  and  accurately  and  which 
are  simple  enough  to  be  computed  easily  from  ta])les.  It  is  felt, 
therefore,  that  we  are  justified  in  simplifying  these  standards  in 
order  that  they  may  be  more  widely  used.  ]\Iany  of  the  standards 
which  we  shall  propose  give  multiple  correlations  with  the  criterion 
which  are  significantly  smaller  than  would  be  obtained  from  a  larger 
number  of  predicting  variables.  Where  this  is  the  case,  it  will  be 
stated. 
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SPECIFIC  CRITERIA 

Prediction  of  Normal  Weight 

1.  Measurements  which  are  to  be  used  for  the  prediction  of 
normal  weight  should  be,  so  far  as  possible,  measurements  of  the 
bony  frame  of  tlie  body  rather  than  measurements  of  muscular  or 
fatty  tissues.  Where  it  is  not  possible  to  measure  closely  enough 
to  the  bony  framework  to  be  able  to  disregard  overlying  tissues, 
appropriate  corrections  should  be  made  for  fat.  Corrections  for 
muscular  tissue  should  be  made  unnecessary  by  the  proper  selection 
of  the  places  to  measure.  For  example,  measuring  the  circum- 
ference of  the  cliest  below  the  pectoralis  major  muscle  will  make 
it  unnecessary  for  the  measurer  to  correct  for  the  influence  of  this 
large  group. 

2.  There  are  three  items  whicli  must  be  considered:  (a)  the 
measurement  or  measurements  best  representing  an  average  cross 
section  of  the  trunk;  (b)  the  measurement  —  in  this  case  total 
height  or  stature  —  which  best  represents  the  total  length  of  the 
body;  (c)  the  measurement  or  measurements  best  representing  the 
size  and  coarseness  of  the  bony  framework.  It  is  quite  possible 
that  one  or  more  measurements  may  function  in  more  than  one  of 
these  three  ways.  For  example,  measurements  of  chest  and  of  the 
hips  may  have  a  relatively  high  correlation  with  the  size  and  weight 
of  the  bones,  but  there  are  other  and  moi-e  objective  measurements 
better  suited  to  measuring  the  bones,  such  as  the  width  of  certain 
joints. 

3.  An  attempt  should  be  made  to  use  as  small  a  number  of 
measurements  as  possible  in  order  to  produce  standards  which  are 
usable  in  ordinary  institutional  practice  and  still  not  lose  too  much 
in  accuracy  of  prediction.  AVe  may  drop  from  consideration  any 
measurement  which  "partials  out,"  or  whose  correlation  with  the 
criterion  measurement  becomes  approximately  zero  when  other 
measurements,  which  must  of  necessity  be  included,  are  held  con- 
stant. 

Measurements  of  Fat  and  Suhcuianeous  Tissue 

The  criteria  for  the  selection  of  measurements  of  fat  and  sub- 
cutaneous tissue  are  relatively  simple. 

1.  The  battery  of  measurements  selected  sliould  have  the  highest 
possible  correlation  with:  (a)  per  cent  of  under-  and  overweight 
and  (b)  the  total  amount  of  adipose  tissue  on  the  body  relative  to 
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the  surface  area.  This  hitler  ''total  fat"  must  of  necessity  he  made 
up  of  the  sum  of  a  hirge  variety  of  measurements  of  fat  taken  over 
all  parts  of  the  body. 

2.  The  measurements  selected  should  be  influenced  as  little  as 
possible  by  abnormal  distributions  of  fat. 

3.  The  battery  selected  should  include  any  measurements  which 
can  be  used  for  the  puri)Ose  of  correcting  other  anthropometric 
measurements.  For  cxami)le,  if  the  circumference  of  the  chest  is 
to  be  taken,  the  fat  measurements  at  the  front  and  back'  of  the  chest 
at  the  level  crossed  by  the  tape  in  taking  the  circumference  must 
be  included  in  order  that  the  chest  girth  may  be  corrected  as  ac- 
curately as  possible  to  represent  a  chest  with  a  "standard"  amount 
of  fat  around  it.  Similarly,  the  measurement  having  the  highest 
relationship  to  the  amount  of  fat  over  the  crests  of  the  ilia  must  be 
included  in  the  battery  in  order  that  this  important  bony  measure- 
ment ma 3^  be  corrected  for  fat. 

4.  The  measurements  selected  should  in  every  case  be  such  that 
there  will  be  no  general  adherence  between  skin  and  subcutaneous 
fascia  which  would  render  such  measurement  difficult  in  certain 
individuals. 

5.  The  places  selected  for  measurement  should  be  such  that  no 
questions  of  modesty  or  difficulty  of  measuring  over  clothing  may 
arise. 

Measurements  of  Muscular  Mass 

The  fundamental  problem  is  to  measure  as  accurately  as  jiossible 
the  relative  muscular  bulk  in  order  to  evaluate  the  over-  or  under- 
development of  these  muscles.  The  problem  is  complicated  by  one 
factor  which,  however,  simplifies  the  criterion :  namely,  any  meas- 
urements over  muscle  masses  other  than  those  of  the  limbs  must 
include  the  bulk  of  the  thorax  or  the  abdomen  in  the  measurement, 
and  the  relative  amount  of  muscular  tissue  cannot  be  differentiated 
from  the  total  bulk  of  the  trunk. 

The  relative  amount  of  muscle  can  be  measured  with  a  fair  de- 
gree of  accuracy  by  functional  tests  of  strength.  These  tests,  how- 
ever, necessitate  the  purchase  of  quite  expensive  equipment,  which 
makes  them  impracticable  in  many  localities.  There  is  a  very  high 
correlation  between  the  strength  of  the  muscles  of  the  trunk  and  the 
strength  of  the  muscles  of  the  extremities  alone,  so  that  the  size  of 
the  muscles  of  the  extremities  correlates  very  highly  indeed  wath 
the  strength  as  obtained  by  the  whole  battery.    Therefore,  the  prob- 
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leni  of  a  criterion  is  relatively  simplified.     The  only  thing  left  to 
do  is  measure  the  circumference  of  the  limbs. 

Measurement  of  the  Respiratory  Function 

Anthropometrically  this  involves  no  problem  at  all.  There  is 
only  one  measurement  which  is  both  practicable  and  useful,  and 
that  is  the  breathing  capacity  or  total  amount  of  air  which  can  be 
expired  by  forced  exhalation  after  a  full  inhalation. 

The  researches  which  are  discussed  in  the  succeeding  chapters  of 
this  volume  are  based  upon  the  criteria  presented  in  this  chapter. 


CHAPTER  IV 

SELECTION  OF  MEASUREMENTS 

When  a  survey  is  made  of  the  various  studies  that  have  attempt- 
ed to  prepare  standards  for  the  evaluation  of  physical  status,  one  is 
struck  with  the  marked  lack  of  unanimity  of  opinion  among  the 
various  students  of  the  problem.  Many  different  measurements 
have  been  proposed  for  use/  including :  standing  height ;  sitting 
height ;  trunk  length ;  span  of  the  arms ;  width  of  the  shoulders 
between  the  acromia ;  width  of  the  shoulders  over  the  deltoid 
muscles;  width  of  chest,  depth  of  chest,  circumference  of  chest 
(these  three  chest  measurements  have  been  proposed  at  three  dif- 
ferent levels  of  measurement)  ;  the  Avidth  of  the  hips  at  the  crests 
of  the  ilia ;  the  width  of  the  hips  at  the  trochanters ;  the  widths  of 
the  elbow,  wrist,  knee,  and  ankle ;  weight ;  and  breathing  capacity. 
For  girths,  measurements  have  been  proposed  of  the  girth  of  the 
abdomen,  the  hips,  the  elbow,  wrist,  knee,  ankle,  and  of  the  mus- 
culature of  the  upper  arm,  forearm,  thigh,  and  calf.  Several 
measurements  of  the  skin,  subcutaneous  tissue,  and  fat  have  been 
proposed.  Hence  the  first  task  is  to  delimit  the  ])roblem,  to  eval- 
uate these  measurements,  and  to  select  the  ones  that  seem  t)est 
fitted  for  the  purposes  of  ''measuring"  physical  status  in  accord 
with  the  general  criteria  listed  in  the  preceding  chapter. 

To  accomplish  this  task  we  propose  first  of  all  to  divide  the 
problem  into  a  number  of  subproblems  and  to  apply  specific  anal- 
yses to  each.  So  far  as  this  volume  is  concerned,  we  shall  consider 
three  major  divisions: 

1.  Measurements  for  the  preJiction  of  normal  weight 

2.  Measurements  for  the  prediction  of  normal  fat 

3.  Measurements  for  the  prediction  of  normal  muscular  development 

MEASUREMENTS  USED  IN  THE  PREDICTION 
OF  NORMAL  WEIGHT 

As  has  been  stated  previously,  the  normal  weight  of  the  individ- 


4  Measurements  of  cardio  vascular  variables  for  use  in  the  appraisement  of  present 
health  and  of  "condition"  will  not  be  treated  in  this  volume  but  will  be  discussed  in 
a  later  volume.  The  measurement  of  weight  and  of  breathing-  capacity  raises  no  in> 
portant   problem  of  conflicting  techniques  and   will   not  be   treated   in   this  volume. 
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iial  is  largely  determined  by  his  type  or  build.  The  problem,  then, 
is  to  decide  what  measurements  are  best  adapted  to  determine 
normal  weight  for  an  individual  of  given  age,  height,  and  build. 
The  selection  of  the  measurements,  as  was  pointed  out  in  Chapter 
III,  should  not  be  based  upon  the  highest  correlations  with  actual 
weight  based  upon  all  possible  anthropometric  measurements,  but 
on  the  prediction  of  a  standard  weight  based  upon  skeletal  meas- 
urements alone. 

A  large  number  of  measurements  have  been  tried,  but  only  a  few 
of  these  have  demonstrated  their  right  to  be  included  in  the  final 
battery.  Before  discussing  these  researches  in  detail,  it  is  necessary 
first  to  dispose  of  a  number  of  preliminary  problems  relating  to  the 
techniques  of  si)ecific  measurements.  Several  of  these  problems 
have  been  solved  by  experimentation,  while  solutions  here  proposed 
for  some  of  the  others  are  based  on  philosophical  reasoning. 

Measurements  of  the  Chest 

In  all  (luantitative  studies  conducted  at  this  laboratory,  measure- 
ment of  the  chest  has  been  found  more  important  in  weight  pre- 
diction than  measiu'ements  of  height  or  of  any  other  commonly  used 
measurements.  Differences  of  opinion  have  arisen,  however,  over 
which  of  the  various  methods  and  levels  of  mea.surement  of  the 
chest  should  be  selected. 

There  are  three  levels  in  common  use :  ( 1 )  the  level  of  the  fourth 
eosto-chondral  articulation  (usually  called  tlie  "nipple  level"  be- 
cause ill  measurements  on  the  male  the  tape  or  calipers  cross  the 
front  of  the  chest  at  the  level  of  the  nipples)  ;  (2)  the  level  cor- 
responding to  the  upper  part  of  the  xiphoid  cartilage;  (3)  the  level 
called  by  Seaver  the  "ninth  rib  level."  In  this  measurement  the 
tape  is  supposed  to  cross  the  ninth  rib  in  the  axillary  line.  This 
measurement  is,  on  the  adult,  from  two  to  four  centimeters  lower 
than  the  measurement  at  the  level  of  the  xiphoid.  The  results  of 
these  last  two  measurements  are  approximately  the  same. 

In  measurements  of  tlie  width  of  the  chest  (where  the  tips  of  the 
calipers  are  passed  in  front  oi'  the  bulk  of  the  latissimus  dorsi 
muscles  just  behind  the  axillae)  it  would  seem  to  make  relatively 
little  difference  as  far  as  weight  prediction  is  concerned  which  level 
is  selected  so  long  as  the  measurer  is  consistent  and  the  formula  is 
based  upon  that  measurement.  In  measuring  the  depth  of  the  chest 
with  the  flat  calipers,  and  in  the  measurement  of  the  circum- 
ference of  the  chest  at  the  nipple  level,  the  measurement  is  affected 
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by  tlic  pcctoralis  niajm'  muscles  aiul  by  the  fact  thai  in  many  eases 
the  instrument  rests  upon  the  lower  i)ortions  of  the  scapulae.  Hence 
the  measurement  is  skeleton  plus  muscle  plus  the  deviation  added 
by  the  thickness  of  the  scapulae  and  subscapular  muscles,  and  it 
will  vary  greatly  with  the  muscularity  of  the  individual.  This  also 
permits  relatively  large  changes  in  the  measurements  to  be  made 
by  the  slight  tensing  of  these  muscles  and  results  in  I'ui'ther  de- 
partures from  a  measurement  of  the  bony  thorax.  If  the  deptli  of 
the  chest  is  measured  with  the  curved  calipers  from  sternum  to 
spine,  differences  of  depth  due  to  pigeon  breast  or  funnel  chest  are 
most  exaggerated  at  this  higher  level.  These  errors  can  possibly  be 
avoided  by  the  experienced  measurer,  but  it  is  simpler  to  guard 
against  the  difficulty  bj-  selecting  measurements  at  a  level  at  which 
the  errors  will  not  occur,  especially  in  view  of  the  fact  that  if  these 
measurement  methods  come  into  common  use,  many  of  the  meas- 
urers will  not  be  entirely  "experienced." 

Experiments  with  the  reliability  or  consistency  of  the  measure- 
ments at  the  nipple  and  xiphoid  levels  indicate  that  there  ai'c  no 
significant  differences. 

A  small  sample  of  twenty-five  five-year-old  preschool  children 
was  measured  twice  in  succession  on  the  same  day  by  the  same 
measurer,  with  but  ten  minutes  interval  between  the  measurements. 
The  reliabilities  of  the  measurements  were  as  follows: 

Level 


Measurement 

Nipple 

Xiphoid 

Chest  depth 

.982 

.987 

Chest  breadth 

.976 

.978 

Chest   circunifereiico 

.992 

.997 

It  is  probable  that  these  reliabilities  are  much  higher  than  they 
would  be  for  two  diiferent  measures,  and  also  higher  than  they 
W'Ould  be  if  the  measurements  were  taken  with  a  longer  interval  of 
time  between.  High  reliabilities  are  more  easily  found  at  this  age 
than  later,  if  the  children  are  used  to  the  measurer,  for  they  do 
not  attempt  to  secure  larger  measurements  by  surrei^titiously  ex- 
panding the  chest,  as  older  children  sometimes  do.  The  measure- 
ments and  the  techniques  of  measurement,  however,  w(>re  com- 
parable to  one  another.  Hence  for  the  purpose  of  assaying  the 
relative  reliabilities,  they  may  be  taken  at  face  value.  These  re- 
liabilities are  all  high  and  there  is  no  significant  difference  between 
them. 
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Since  fluctuations  in  weight  from  the  norm  may  be  due  either 
to  differences  in  muscular  development  or  to  differences  in  the  fat 
deposits,  the  measurements  selected  should  be  those  which  will  be 
influenced  as  little  as  possil)le  by  these  two  variables.  We  have, 
therefore,  chosen  the  level  of  the  xiphoid  for  all  chest  measurements 
for  the  following  reasons : 

1.  This  measurement  is  below  the  largest  muscle  bulks  of  the 
chest  —  the  pectoralis  major  and  the  latissimus  dorsi  at  its  widest 
part. 

2.  It  is  below  the  scapulae  and  therefore  not  unduly  influenced 
either  by  winged  scapulae  or  by  the  heavily  muscled  scapulae  of 
the  gymnast. 

3.  It  is  Ijelow  the  mammary  glands  of  the  female  and  avoids 
the  difficulties  of  measurement  occasioned  by  variability  in  size 
and  position  of  these  glands. 

4.  The  fat  is  more  easily  and  accurately  measured  at  this  level 
(see  Chapter  V),  so  that  allowance  can  readily  be  made  for  the 
influence  of  this  variable  on  the  chest  measurements. 

5.  The  xiphoid  level  is  recommended  by  the  international  group 
of  anthropologists  and  is  published  as  the  proposed  measurement 
(20,  p.  29-30). 

The  ninth  rib  measurement  suggested  by  Seaver  (39)  is  not 
standard  in  international  anthropometry  circles  and  a  brief  study 
gave  evidence  that  it  offered  no  advantages  over  that  at  the  xiphoid 
level.  The  landmark  is  more  indefinite  and  the  measurer  is  apt  to 
vary  in  his  technique.  The  ninth  rib  may  be  hard  to  locate  in  many 
people,  while  the  xiphoid  cartilage  or  the  substernal  notch  is  easily 
palpable.  Hence  we  have  given  the  ninth  rib  measurement  no 
further  consideration  here.' 

In  using  chest  measurements  for  the  i)rediction  of  normal  weight 
and  normal  muscular  development,  the  anthropometrist  is  faced 
with  the  difficulty  that  the  chest  measurements  of  either  depth  or 


5  Tlie  American  Child  Health  Association  (17)  has  suggested  for  the  measurement  of 
the  depth  of  the  chest  a  technique  in  which  the  flat  calipers  are  applied  with  one  arm 
below  the  lower  angle  of  the  scapula  and  the  otheii  on  the  front  of  the  chest  above  the 
nifiple  level.  This  measurement  has  not  been  considered  by  us  for  several  reasons:  The 
landmarks  are  more  indefinite  than  they  seem.  The  lower  angle  of  the  scapula  is  an 
extremely  variable  landmark,  differing  as  much  as  two  interspaces  on  different  individ- 
uals. The  placement  of  the  calipers  on  the  front  of  the  chest  would  be  greatly  influenced 
by  the  breast  in  the  postpubescent  female,  and  actual  depth  would  be  greatly  influenced 
by  the  chest  muscles.  The  measurement  is  not  comparable  with  that  used  in  standard 
anthropological  circles  in  other  parts  of  the  world;  but  this  would  not  be  too  important 
if   the  measurement   were   otherwise   valuable. 
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circumference  include  a  certain  amount  of  muscular  tissue.  If 
measured  at  the  level  of  the  xiphoid,  this  includes  primarily  the 
musculature  of  the  erector  spinae  group,  the  lower  part  of  the  belly 
of  the  latissimus  dorsi,  and.  in  Ihc  circumference  and  width  meas- 
urements, some  of  the  lower  ))undles  of  the  serratus  anterioi'.  Thus, 
any  measurements  of  the  chest  will  include  within  the  tape  or  cali- 
pers this  muscular  tissue  in  addition  to  the  thoracic  cage  itself.  If, 
then,  the  anthropomctrist  uses  the  chest  measurements,  he  is  partly 
*' weighing  the  individual  with  the  tape  measure,"  while  if  he  does 
not  use  the  chest  measurements,  he  omits  the  best  ni(\isurement  for 
the  prediction  of  weight. 

It  would  seem  that  in  not  using  these  chest  measurements  much 
more  is  lost  than  is  gained,  so  they  have  been  included,  particularly 
the  girth,  as  perhaps  the  most  important  measurement  of  all.  It  is 
felt  that  the  difficulty  stated  here  will  be  found  important  only  in 
those  possessing  an  excessively  heavy  musculature.  In  such  cases 
the  experienced  anthropomctrist  will  not  easily  be  mislead,  and  it 
is  not  this  group  who  are,  on  the  average,  problems  of  malnutrition. 

The  next  problem  is  what  chest  measurements  to  use  for  weight 
prediction.  The  measurements  suggested  in  the  literature  are 
depth,  width,  and  circumference.  In  measuring  the  depth,  two 
methods  have  been  suggested,  that  with  the  curved  calipers  and  that 
with  the  flat  calipers.  All  measurements  at  this  station  have  been 
taken  with  the  flat  calipers  because  it  was  felt  that  this  gave  a 
better  representation  of  the  actual  depth  of  the  chest  than  did  the 
curved  calipers,  which  tend  to  exaggerate  any  chest  malformations, 
such  as  funnel  breast  or  pigeon  breast.  This  seems  to  be  the 
attitude  of  the  largest  proportion  of  the  physical  anthropologists  — 
the  standard  measurement  is  taken  with  the  Hat  calipers  (20). 
However,  the  question  is  still  an  open  one,  and  the  mea.surement 
with  the  curved  calipers  may  prove  to  be  of  greater  value. 

There  seems  to  be  some  feeling  on  the  part  of  anthropometrists 
in  this  country  (gathered  from  numerous  informal  conversations 
on  the  subject)  that  measurements  of  the  circumference  of  the 
chest  are  more  diificult  of  standardization,  that  the  reliability  is 
less,  and  that  a  combination  of  depth  and  breadth  of  chest  is  better 
adapted  to  the  prediction  of  weight.  This  problem  has  been  ex- 
amined statistically  in  this  laboratory,  and  the  results  tend  to  prove 
circumference  the  superior  measure.     The  reliabilities   were  dis- 
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cussed  alx)vo,  and  the  circumference  was  shown  to  be  equally  as 
reliable  as  either  the  depth  or  breadth  measurement. 

Circumference  can  be  readily  corrected  for  var^ang  amounts  of 
fat,  and  while  such  corrections  could  be  carried  out  for  both  depth 
and  breadth,  the  procedure  is  more  complicated  and  would  add  to 
the  administrative  difficulties. 

It  now^  remains  to  investigate  the  relative  values  of  depth,  width, 
and  circumference  for  the  prediction  of  weight.  In  this  phase  of 
the  investigation,  several  groups  of  individuals  were  used  and  two 
approaches  to  the  i)roblem  were  tried. 

In  the  first  approach  the  measurements  taken  by  Clark  were 
studied.  She  recorded  the  cross  sections  of  chests  of  eleven  chil- 
dren (ages  seven  to  nine  years)  by  using  a  lead  tape  applied  to  the 
thorax  and  transferring  this  to  cross  section  paper."  The  circum- 
ference, depth,  and  breadth  were  measured  directly  on  this  area, 
and  the  area  itself  was  measured  with  the  planimeter."  She  devised 
the  following  formula  for  computing  the  area  from  the  depth, 
breadth,  and  circumference  : 

r  K 

Area  =  W  X  D  —   -j  .6036  [2  (W  D)  —  C]  I  " 

The  correlations  of  area  with  the  three  individual  measurements 
and  various  combinations  of  the  same  and  the  formula  were  as 
follows : 

Actual  area  and  depth  .662 

Actual  area  and  width  .572 

Actual  area  and  circumference  .975 

Actual  area  and  formula  .990 

Actual  area  and  width  x  depth  .871 
Actual  area  and  the  regression 

value  of  width  and  depth  .888   (Ra.dw) 

Here  it  will  be  seen  that  when  computed  against  the  actual  area, 
Clark's  formula  gives  the  highest  correlation;  but  the  circumference 
itself  gives  a  correlation  of  .975  Avith  area,  and  this  size  of  correla- 
tion is  not  approached  by  any  other  correlation  using  the  variables 
of  depth  and  width,  either  singly  or  combined.  The  logic  of  this 
approach  lies  in  the  fact  that  the  chest  measurements,  to  give  the 
highest  correlation  with  weight,  should  measure  as  accurately  as 
possible  the  average  cross  section  of  the  trunk.    Hence  the  measure- 


6  The  cross  section   in  this  case  was  computed  by   the   foninda  proposed  by   Clark    (11). 
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ment  or  combination  of  mcasurcmcnt.s  that  coi-rolatos  host  with  this 
ci'oss  section  siioiild  be  the  best  measurement  to  adoi)t. 

The  question  will  be  raised,  of  course,  as  to  whether  Ihe  Clark 
formula,  developed  from  the  measurements  of  y()un<>:  children,  will 
be  accurate  in  predictinsz:  the  cross  section  of  chests  of  larger  per- 
sons. No  experimental  study  has  been  made  of  this,  but  we  have 
made  the  following  attempt  to  verify  the  formula. 

A  set  of  actual  chest  measurements  was  taken  fi-om  1he  Cliwk 
data  and  each  dimension  increased  1.5  times,  2  times,  and  13  times 
respectively.  Since  the  same  shai)e  of  the  chest  has  been  retained, 
the  areas  would  be  increased  2.25,  4,  and  9  times  respectively.  The 
dimensions,  the  actual  areas,  and  the  areas  as  computed  by  the 
formula  are  given  below^ 


Measurement 

Original 
Dimensions 

X  1.5 

X  2 

X  3 

Depth 

14.4 

21.6 

28.8 

43.2 

Breadth 

19.() 

29.4 

39.2 

58.8 

Circumference 

57.0 

85.5 

114.0 

171.0 

Computed   area 

238.15 

535.86 

952. ()1 

2143.36 

Actual  area 

232.22 

Theoretical  area 

535.84 

952.60 

2143.35 

It  will  be  seen  that  the  computed  areas  and  the  theoretical  areas 
coincide  throughout. 

For  the  next  phase  of  this  study  the  chest  measurements  of  seven 
age  groups  of  boys  and  girls  were  analyzed.  These  groups  were : 
one  to  six  months,  seven  to  twelve  months,  thirteen  to  twenty-four 
months,  twenty-five  to  thirty-six  months,  six  years,  eleven  years, 
fifteen  years,  seventeen  to  twenty-five  years  (college  freshmen). 
Since  the  approach  to  the  study  of  infant  measurements  dift'cred 
somewhat  from  that  on  the  other  age  grou])s,  the  findings  will  be 
tabulated  separately. 

A  study  of  these  correlations  leads  to  the  following  conclusions : 

1.  With  the  exception  of  the  fifteen-year-old  girls,  the  circum- 
ference of  the  chest  has  a  higher  "r"'  with  weight  than  does  either 
depth  or  breadth. 

2.  In  the  college  ages  (the  only  ones  where  this  w'as  tried)  for 
both  sexes,  circumference  gave  as  high  or  higher  correlation  than 
did  either  cross  section  or  width  times  depth. 

3.  At  all  ages  except  eleven-year-old  girls,  when  circumference 
was  held  constant  with  either  depth,  breadth,  or  both  (as  r„2.4,  r^.^^^, 
or  Ro.23/4),  the  resulting  partial  "r"  was  lower  than  when  either  of 
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Table  9     . 
Analysis  of  Chest  Measurements  as  Predictors  of  Weightt 


Corre- 
lation* 

Boys 

Gi 

rls 

Age  Group 

6 

11 

15 

6 

11 

15 

Years 

Years 

Years 

College 

Years 

Years 

Years 

College 

ro2 

.5285 

.6962 

.732 

.6765 

.5823 

.7526 

.6957 

.6159 

ro3 

.6139 

.8324 

.721 

.6775 

.7648 

.7907 

.6301 

.6976 

1-04 

.8145 

.8414 

.820 

.7921 

.8489 

.8487 

.6582 

.7919 

Too 

.7926 

.7633 

ro6 

.7921 

.7416 

ro2.3 

.3165 

.3656 

.525 

.6076 

.2513 

.4790 

.5122 

.4795 

ro2.4 

.0307 

.1050 

.313 

.2840  - 

-.0332 

.1582 

.4100 

.1078 

r„3.2 

.4712 

.6955 

.503 

.6081 

.6416 

.5783 

.3716 

.6023 

I'o3.  4 

-.0406 

.3794 

.142 

.2034 

.1294 

.2826  . 

.2776 

.2256 

r04.2 

.7307 

.4312 

.606 

.6274 

.7600 

.6102 

.2937 

.7047 

1*04.3 

.6701 

-.1005 

.576 

.5830 

.5816 

.5706 

.3639 

.5566 

^01.23 

.6338 

.2880 

.413 

.2774 

.5422 

.3371 

.1159 

.4891 

R  0.23/4* 

.0502 

.4026 

.333 

.4011 

.1330 

.1676 

.4743 

.2079 

R  0.24/3 

.6794 

.4460 

.634 

.6463 

.5834 

.5630 

.5217 

.6538 

R  0. 34/2 

.7311 

.7246 

.62(1 

.6475 

.7646 

.4856 

.3869 

.7178 

R  0.23 

.6628 

.8567 

.808 

.8113 

.7823 

.7913 

.7452 

.7775 

R  0.24 

.8147 

.8433 

.840 

.8192 

.8490 

.8531 

.7270 

.8292 

R  0.34 

.8150 

.86()0 

.824 

.8018 

.8516 

.8646 

.6905 

.7330 

R  0.231 

.8152 

.8695 

.844 

.8281 

.8518 

.8681 

.7491 

.8361 

R  :,3J 

.6327 

.7SS1 

.745 

.6708 

.7011 

.7583 

.7461 

.7177 

R4.23 

.8228 

.9156 

.877 

.8472 

.8924 

.9098 

.8328 

.8687 

R  3.24 

.7764 

.8700 

.824 

.7185 

.8599 

.8356 

.7487 

.4686 

*  The  following  is  the  key  to  be  used  with  this  table: 

0  =   Weight  4  =  Chest   Circumference    (Xiphoid    Level) 

1  =   Height  5  =  Cross  Section  of  Chest    (Bv  Formula) 

2  =   Chest  Depth  6  =  Width  x  Breadth 

3  =   Chest  Width 

t  In  this  monograph,  correlation  coefficients  and  some  other  statistical  con- 
stants have  been  carried  to  the  fourth  decimal  as  a  routine  practice.  This 
is  farther  than  is  the  current  practice,  in  view  of  the  probable  errors  of 
such  statistical  results.  The  reason  for  our  doing  so  is  that  in  case  any 
readers  of  this  monograph  wish  to  proceed  with  partial  correlations  or  other 
studies  based  upon  these  data,  it  will  be  possible  for  them  to  do  so  without 
the  probability  of  introducing  other  errors  due  to  successive  rounding  off. 
The  probable  error  is  not  an  "error"  of  the  particular  data  presented  and 
studied,  but  of  these  data  when  they  are  used  as  representative  of  all  in- 
dividuals in  that  particular  statistical  universe.  Within  the  error  of 
measuring  (not  of  sampling),  the  correlations  are  the  correlations  between 
these  particular  variables,  with  these  particular  cases.  To  introduce  possible 
errors  other  than  those  of  measurement  by  the  successive  rounding  off  of 
correlation  coefficients  does  not  seem  to  us  to  be  justified  by  the  facts. 

t  Multiple  correlations  of  the  nature  of  Ro.23/4  may  be  read  as  meaning  the 
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the  other  variables  \va.s  lu'ld  constant  and  the  otlier  two  correlated 
against  weight.  This  would  indicate  that,  in  general,  circumference 
"contains  more"  of  what  makes  up  weight  than  does  either  depth 
or  width. 

4.  In  all  multiple  correlations  between  combinations  of  these 
three  variables  and  weight,  (as  R„.23,  R0.24)  oi'  1^0.2.34))  ^^^^  ones  con- 
taining circumference  were  higher  than  those  not  containing  cir- 
cumference, except  for  eleven-year-old  girls. 

5.  In  all  age  groups,  multiple  correlations  of  R4.23  were  higher 
than  either  K0.34  oi"  1^3.24-  Ii^  other  words,  circumference  predicts 
the  best  combination  of  depth  and  breadth  better  than  either  depth 
or  breadth  combined  with  circumference  predicts  the  other. 

6.  In  all  age  groups  except  eleven-year-old  girls,  the  correlation 
of  circumference  with  weight  is  within  .035  (about  one  ])robable 
error)  of  the  correlation  of  the  best  combination  of  all  three  vari- 
ables with  weight. 

7.  In  all  groups  except  eleven-year-old  girls,  eleven-year-old  boys, 
and  college  men,  the  correlation  of  circumference  with  weight  was 
higher  than  the  best  correlation  of  weight  with  the  best  weighted 
combination  of  depth  and  breadth.  In  eleven-year-old  boys,  it  dif- 
fered .015,  and  in  college  men,  .02. 

With  infants,  total  length  was  held  constant  throughout  to  avoid 
the  influence  of  spuriously  high  zero-order  correlations,  since  the 
comparative  age  range  w^as  greater.  However,  the  regressions  with- 
in each  range  were  linear. 

From  Table  10  the  following  conclusions  may  be  verified : 

1.  In  the  zero-order  correlations  the  correlation  of  weight  with 
circumference  is  in  every  case  higher  than  that  of  depth  or  width. 

2.  The  same  is  true  when  height  is  held  constant  (r^3  J. 

3.  When  one  chest  variable  and  height  are  held  constant,  and 
either  of  the  other  two  is  correlated  with  weight  (r^,.  jj,  the  partial 
correlation  is  lower  when  the  circumference  is  held  constant  than 
when  either  of  the  other  chest  measurements  is  held  constant. 

4.  When  two  chest  variables  and  height  ai'e  held  constant,  and 


partial  correlation  between  the  variable  zero  and  the  best  regression  equa- 
tion weighting  of  variables  2  and  ',]  for  the  prediction  of  variable  0,  with 
variable  4  held  constant.  The  general  formula  for  this  typo  of  correlation 
is: 

K0.123  ....  k/ni  .  .  .  .  n   = 

y  1  -  (1  -  r2  Qi.iu n   )    (1  -  r2o2.1m.  .  .n)    (1  "  i'"  03.12m.  .  .  .n) 


(1   -  i-^ok.l^a (k-l)m.  ...n) 


Table  10 
Analysis  of  Chest  Measurements  as  Predictors  of  Weight 


Corre- 
lation* 

Age, 

Months 

1 

1   to   6 

7  to  12 

13  to  24 

25  to  36 

Boys 

ro2 

1 

.718 

.559 

.398 

.561 

ro3 

.855 

.704 

.520 

.399 

Tot 

.891 

.773 

.710 

.784 

ro2., 

.477 

.384 

.251 

.538 

Tos.! 

.634 

.493 

.314 

.167 

Tim.! 

.699 

.663 

.552 

.736 

ro2.13 

.240 

.319 

.225 

.662 

^02.14 

.200 

.       .087 

.148 

.008 

^03. 12 

.520 

.450 

.294 

-.480 

1'|I3.  U 

1                  .427 

.129 

.105 

-.137 

ru4.12 

.603 

.590 

.523 

.598 

1*01. 13 

.548 

.521 

.487 

.734 

^02. 134 

.077 

.106 

.145 

.239 

1*03. 124 

.392 

.142 

.102 

-.281 

1*04.123 

.512 

.445 

.462 

.474 

-•^0.23/1 

.683 

.565 

.388 

.496 

E  0.24/1 

.712 

.665 

.566 

.716 

Ro.34/1 

.762 

.664 

.556 

.731 

-■^0.234/1 

.765 

.674 

.572 

.759 

-■^0.23/14 

.432 

.170 

.179 

.274 

-■^0.24/13 

.552 

.529 

.503 

.741 

-K  0.31/12 

.679 

.600 

.520 

.635 

Girls 

1-02 

.827 

.630 

.407 

.479 

ro3 

.791 

.732 

.230 

.617 

Tm 

.887 

.760 

.655 

.714 

1\,2.1 

.333 

.392 

.206 

.398 

1*03. 1 

.264 

.457 

.138 

.456 

^04.1 

.440 

.562 

.482 

.637 

ro2.i3 

.318 

.217 

.191 

.266 

^02. 14 

.166 

.017 

-.115 

-.058 

^03. 12 

.243 

.330 

.112 

.355 

^03. 14 

.019 

.164 

.05() 

-.015 

^01.12 

.344 

.438 

.457 

.544 

^Di.Vi 

.366 

.399 

.469 

.500 

^02.134 

.174 

-.004 

-.117 

-.062 

^03. 124 

.054 

.164 

.061 

-.026 

^01.123 

.256 

.343 

.449 

.442 

Rll.23/1 

.400 

.496 

''32 

.509 

Ro.2t/l 

.477 

.561 

!488 

.639 

Ro.3l/l 

.441 

.574 

.484 

.628 

i>-o.  234/1 

.468 

.579 

.495 

.639 

R  0.23/14 

.176 

.167 

.130 

.063 

-"0.24/13 

.400 

.399 

.481 

.504 

Eo.3l/i2 

.348 

.453 

.450 

.544 

The  following  is  the  key  to  be  used  with  this  table: 

0  =   Weight  4   =    Chest    Circumference    (Xiphoid   Level) 

1  =   Height  5   =   Cross  Section   of  Chest   (Bv  Formula) 

2  =   Chest  Depth  6   =   Width  x  Breadth 

3  =  Chest  Width 
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the  other  chest  variable  is  correlated  with  weight  (roo.,34),  the  par- 
tial correlation  is  lower  witli  circumference  as  one  of  the  variables 
held  constant  than  when  the  other  two  are  held  constant. 

5.  Multiple  correlations  with  height  held  constant  (Ro.23/1)  ^^^ 
higher  between  any  combinations  of  two  chest  variables  where  one 
is  circumference,  than  with  dei)th  and  breadth  alone. 

6.  In  multiple  correlations  with  weight,  in  which  height  and 
one  other  chest  variable  are  held  constant  (Ro.23/i4)>  ^l^e  multiple 
correlation  is  smaller  when  circumference  is  held  constant  than 
when  it  is  not. 

7.  In  every  case,  r^^ ,  (the  correlation  of  chest  circumference 
and  weight,  with  height  held  constant)  is  larger  than  R„.23/i  (the 
multiple  correlation  of  the  best  weighted  combination  of  depth  and 
breadth  with  weight,  with  height  held  constant). 

This  analysis  leads  to  the  conclusion  that  in  practically  all  age 
groups  tried — ^and  these  age  groups  represent  a  fair  sampling  of 
both  sexes  up  the  age  range  —  circumference  correlates  with  weiglit 
to  a  higher  degree  than  other  chest  measurements,  and  in  ages 
where  this  is  not  so,  the  difference  is  usually  less  than  one  probable 
error  of  the  correlation  coefficient.  This  indicates  strongly  that  the 
circumference  of  the  chest  is  a  better  measurement  than  any  other 
single  chest  dimension,  and  is  usually  better  than  the  best  com- 
bination of  depth  and  breadth. 

Since  measurements  of  the  chest  are  included  in  the  multiple 
regression  formulae  for  the  prediction  of  normal  weight  largely  for 
the  purpose  of  adding  the  best  i)ossible  measurement  of  the  cross 
sectional  skeletal  component,  further  evidence  tiiat  the  circum- 
ference is  the  best  of  the  three  chest  measurements  ma\-  be  adduced 
from  the  factor  analysis  of  the  anthropometric  variables.  For  con- 
venience, the  corrected  factor  loadings  of  the  cross  sectional  com- 
ponent from  Tables  4  and  7  in  Chapter  II  are  rei)roduced  here. 
These  represent  zero-order  correlations  with  this  growth  component. 


Age 
Years 

^\ 

■iatii 

Male 

1) 

epth 

Girth 

4 

.22 

.41 

.52 

(5 

.55 

.55 

.74 

10 

.44 

.60 

.59 

14 

.25 

.29 

.30 

College 

.65 

.07 

.84 
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Ago, 

Years 

Width 

Female 

Depth 

Girtli 

4 

.58 

.73 

.80 

6 

.25 

.26 

.48 

10 

.47 

.63 

.67 

13 

.59 

.62 

.71 

College 

.60 

.69 

.80 

It  will  be  seen  that  with  the  exception  of  the  ten-year-old  males, 
the  circumference  is  more  heavily  weighted  with  the  cross  sectional 
component  than  is  either  depth  or  width,  and  the  difference  in  this 
age  group  is  negligible.  This  is  further  confirmatory  evidence  of 
the  relatively  greater  value  of  circumference  as  the  "best"  of  the 
chest  measurements,  so  far  as  predicting  normal  weight  is  con- 
cerned. 

Finally,  when  it  is  possible  to  use  only  one  measurement  to  do 
the  work  of  two  or  three  without  losing  too  much  effectiveness,  this 
should  be  done ;  for  the  simpler  the  administration  of  such  methods 
of  anthropometric  appraisement,  the  more  they  are  apt  to  be  used. 
Hence  we  have  decided  to  use  circumference  of  the  chest  measured 
at  the  xiphoid  level  as  the  best  measurement  of  the  chest  variable 
for  the  prediction  of  weight. 

Correctimis  for  Anomalies  of  Chest  Shape.  —  In  certain  situa- 
tions, very  seldom  met  with,  it  may  be  desirable  to  measure  depth 
and  width  of  the  chest  for  the  puri)ose  of  correcting  for  too  deep 
or  too  flat  chests.  We  have  shown  above  that  the  circumference  of 
the  chest  correlated  better  with  cross  section  of  the  chest  than  did 
the  best  combination  of  depth  and  width,  even  when  multiplied  to- 
gether. There  are  times,  however,  when  this  circumference-cross 
section  relationship  is  not  reliable.  For  example,  let  us  consider 
the  following  artificial  conditions :  Sui)pose  we  have  an  area  of  4 
sciuare  inches  arranged  in  the  form  of  a  square,  2  inches  on  each 
side.  The  perimeter  or  circumference  will  be  8  inches.  If  this  is 
arranged  in  the  form  of  a  rectangle,  1  inch  x  4  inches,  the  perimeter 
or  circumference  is  10  inches.  In  like  manner,  very  wide,  shallow 
chests  will  have  spuriously  larger  circumferences  than  normal 
chests,  and  the  reverse  will  be  true  of  narrow,  flat,  anthropoid 
chests.    To  compensate  for  this  fact,  a  correction  factor  in  the  form 
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of  a  regression  equation  based  on  the  ehest  index,  pr. — '■ r-r-r,  mav 

Chest  widtli 

be  used. 

actual  weight 
Let    \     — 


normal  weight 
X   =■   the  chest  index 
Then  Y   =   .20X   +   .867 

Divide  the  actual  over-  or  underweight  decimal  by  this  number  to 

secure  the  "corrected  over-  or  underweight." 

For  example,  if  the  chest  index  is  .64,  (the  average  is  about  .71), 

Y  would  equal  .2  x  .64  +  .867  =  .987.     Assume  that  the  child's 

97 
weight  index,  Y,  is  .97.    He  may  then  be  assumed  to  be^^-j^r  or  .983 

.987 

times  normal  weight.     It  will  be  seen  that  even  with  this  large 

deviation  in  chest  index,  the  correction  is  slight. 

Measurements  of  the  Hips 

Of  the  three  measurements  of  the  hips  proposed  in  the  literature 

—  width  at  the  crests  of  the  ilia,  width  at  the  level  of  the  tro- 
chanter, and  the  circumference  over  the  largest  part  of  the  glutei 

—  the  first  seemed  on  a  priori  grounds  to  be  the  one  of  choice. 
Since  the  purpose  of  the  measurement  is  to  predict  normal  weight 
for  a  given  skeletal  framework,  the  major  criterion  is  that  it  should 
measure  the  bony  pelvis  and  should  not  be  unduly  influenced  by 
muscle  and  fat. 

The  distribution  of  the  fat  of  the  body  is  not  uniform.  In  ad- 
dition to  the  fat  distributed  just  under  the  skin  over  almost  the 
whole  of  the  surface  of  the  body,  there  are  other  accumulations  of 
fat  in  what  have  been  called  fat  pads.  One  of  the  most  important 
of  these  is  located  on  the  sides  and  rear  of  the  hips  below  the  crests 
of  the  ilia,  and  over  the  outside  of  the  greater  trochanters  and  the 
upper  part  of  the  thiglis.  When  the  hip  width  is  measured  at  the 
level  of  the  trochanters,  this  measurement  is  made  over  these  fat 
pads  on  either  side;  hence,  this  measurement  differs  more  widely 
from  the  actual  bony  width  than  does  the  measurement  taken  at 
the  level  of  the  crests  of  the  ilia.  Since  it  has  been  proposed  in  a 
recent  study  (17)  to  measure  the  width  at  the  level  of  the  tro- 
chanters, it  was  felt  that  some  further  study  of  this  problem  should 
be  made.  X-ray  pictures  were  taken  of  the  hips  at  the  two  levels 
with  metal  calipers  held  in  place  with  the  usual  amount  of  pressure. 


56  IOWA  STUDIES  IN  CHILD  WELFARE 

Over  the  normal  range  of  plumpness,  the  difference  between  the 
caliper  and  the  bone  varied  at  the  level  of  the  crests  from  1  to  5 
millimeters  in  males  and  from  1  to  8  millimeters  in  females. 
Measurements  at  the  level  of  the  trochanters  varied  from  1  to  8 
millimeters  in  males  and  from  15  to  23  millimeters  in  females.  In 
stouter  individuals  the  deviations  were  greater.  In  one  stout  male 
the  deviation  was  19  millimeters  at  the  crests  and  39  millimeters 
at  the  trochanter.  In  one  stout  female  the  deviation  was  15  milli- 
meters at  the  crests  and  63  millimeters  at  the  trochanter.  It  should 
be  remembered  that  these  are  deviations  on  one  side  only  and  that 
the  variations  in  measurement  will  really  be  twice  this  amount. 
There  is  a  need  for  a  corrective  factor  to  be  applied  if  the  measure- 
ment is  to  be  a  truly  skeletal  one. 

This  correction  is  made  from  a  ''fat  measurement"  with  the 
calipers  devised  for  this  purpose/  and  is  best  obtained  at  a  place 
where  the  skin  and  underlying  layer  of  fat  can  be  readily  picked 
up  in  a  double  fold.  This  correction  is  more  easily  applied  to  the 
bi-cristal  measurement  from  a  skin  and  fat  measurement  made  just 
above  this  point,  than  it  is  to  the  trochanter  measurement.  At  the 
latter  place,  the  fat  is  frequently  too  thick  to  pick  up  in  a  double 
fold,  is  much  more  adherent,  and  there  is  a  larger  fat  pad  present. 
This  pad  does  not  extend  over  the  crest. 

The  measurement  of  the  circumference  of  the  hips  presents  all 
of  the  shortcomings  of  the  measurement  of  width  at  the  trochanters, 
and  is,  in  addition,  complicated  by  varying  muscular  development 
of  the  gluteal  muscles.  There  seems  little  doubt  that  the  measure- 
ment to  be  selected  should  be  the  measurement  of  the  width  at  the 
crests  of  the  ilia.  Hence  this  has  been  adopted  for  use  at  this 
Station  without  further  study. 

It  should  be  pointed  out  that  if  it  were  possible  to  measure  the 
width  at  the  trochanters  as  accurately  as  it  can  be  measured  at  the 
crests  of  the  ilia,  it  would  probably  be  wise  to  measure  both.  In- 
dividual differences  at  the  top  in  the  flare  of  the  pelvis  introduce  a 
certain  error  of  prediction.  At  the  present  time  this  could  be 
avoided  only  by  the  use  of  the  X-ray,  which  is  impractical.  The 
only  safeguard  is  in  having  an  experienced  measurer  who  observes 
carefully  and  uses  good  judgment  in  connection  with  his  math- 
ematical computations. 


7  These   calipers   ai-e   secured   from    the    American    Public    Health    Association,    50    West 
50th  Street,  Xew  York  City. 
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Measiwements  of  the  Bones  of  I  he  Limbs 

In  tlie  prediction  of  body  weight  it  seemed  logical  to  assume  that 
individuals  with  a  heavier  bony  build  should  weigh  more  than  those 
with  smaller  bones.  The  size  of  the  chest  and  the  width  of  the  hips 
give  a  partial  estimate  of  the  l)ony  framework.  It  was  felt  that 
there  was  a  need  for  measurements  of  the  bones  of  the  extremities 
of  the  body  as  well.  There  seemed  to  be  only  four  places  at  which 
these  measurements  might  be  taken  in  such  a  way  as  to  secure  a 
reasonably  close  approach  to  the  bony  structures.  These  places 
were  the  width  of  the  elbow  over  the  epicondyles  of  the  humerus, 
the  width  of  the  wrist  at  the  distal  extremity  of  the  forearm  just 
proximal  to  the  carpal  bones,  the  width  uL"  the  knee  at  the  epicon- 
dyles of  the  femur,  and  tlie  width  of  the  ankle  taken  willi  the  flat 

Table  11 
Analysis  of  Joint  Measurements  as  Predictors  of  Weight 


Corre- 

Years 
Months 

1 
Years 

Months 

Years 
Months 

Years 
Months 

Years 
Months 

1 
Years 

Months 

Sol 

lations* 

5   G 

9   6 

14   6 

5   6 

9   6 

13   6 

.S'?i 

to 
9   5 

to 
14   5 

to 
17   5 

to 
9   5 

to 
13   5 

to 
17   5 

Toi 

.7328 

.8446 

.6432 

.5518 

.6046 

.7778 

.4466 

.6948 

ro2 

.6645 

.7724 

.6663 

.3230 

.6801 

.7278 

.4899 

.5518 

ro3 

.8519 

.8972 

.7461 

.5338 

.8789 

.8176 

.6861 

.8027 

ro4 

.8091 

.6341 

.5836 

.4793 

.6726 

.6804 

.3769 

.3686 

roi.2 

.5350 

.5954 

.3160 

.5366 

.3506 

.5297 

.2525 

.5850 

Tui.s 

.2802 

.5237 

.4915 

.6067 

.2817 

.4664 

.1390 

.4256 

ro2.i 

.3730 

.3026 

.3825 

.2882 

.5070 

.3787 

,3334 

.3400 

^02. 3 

.1188 

.1805 

.3044 

.0924 

.2088 

.3783 

.1295 

.3015 

1*03. 1 

.6731 

.7118 

.6184 

.5903 

.8184 

.5859 

.5930 

.6610 

^03.  4 

.5010 

.8209 

.5968 

.3910 

.7678 

.6610 

.6199 

.7697 

^(H.3 

.2384 

.0172 

.2056 

.2958 

.1100 

.2964 

-.0591 

.0996 

^02. 13 

.0632 

-.0788 

.1084 

.0143 

.1297 

.2170 

.0910 

.2154 

^01.13 

.1868 

-.0332 

.0814 

.0985 

.0395 

.1928 

-.0800 

.0814 

Ro.  13/24 

.5119 

.7867 

.4747 

.6386 

.7385 

.6299 

.5581 

.7698 

Ro.  24/13 

.1891 

.0820 

.1502 

.0994 

.1297 

.2572 

.1335 

.2154 

The  following  is  the  key  to  be  used  with  this  table: 

Xo  =  Weight 
Xj   =   Elbow 
x,   =   Wrist 
X3  =   Knee 
X4  =   Ankle 
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calipers  over  the  malleoli  with  the  blades  of  the  caliper  parallel  to 
the    inside  of  the  foot. 

Four  age  groups  for  each  sex  were  used  in  the  first  study.  The 
groupings  were  coarse,  but  they  were  selected  because  linearity  of 
regression  was  found  throughout  each  range.  The  age  groups  were 
as  follows :  Males :  5  years,  6  months  to  9  years,  5  months ;  9  years, 
i)  months  to  14  years,  5  months ;  14  years,  6  months  to  17  years,  5 
months;  and  college  freshmen.  Females:  5  years,  6  months  to  9 
years,  5  months;  9  years,  6  months  to  13  years,  5  months;  13  years, 
6  months  to  17  years,  5  months ;  and  college  freshmen.  An  analysis 
of  the  resulting  intercorrelations  shows  the  following  facts,  which 
can  be  verified  from  Table  11. 

1.  Witli  but  three  exceptions,  the  zero  order  correlation  of  elbow 
with  weight  was  larger  than  that  of  wrist  with  weight ;  and  without 
exception  the  zero  order  correlation  of  knee  with  weight  was  larger 
than  that  of  ankle  with  weight. 

2.  In  all  but  the  three  exceptions  noted  above,  the  partial  cor- 
relation between  weight  and  elbow  with  wrist  held  constant  (r(a.2) 
was  larger  than  the  partial  cori-elation  of  wrist  and  weight  with 
elbow  held  constant  (r^g.i)- 

3.  In  every  case  the  partial  correlation  of  weight  and  knee  with 
ankle  held  constant  (r^,.,.,)  was  larger  than  the  partial  correlation 
of  weight  and  ankle  with  knee  held  constant   {i\4_z). 

4.  In  all  cases  the  correlation  of  weight  with  either  wrist  or 
ankle  (elbow  and  knee  held  constant)  was  very  small,  so  small  as 
to  influence  a  multiple  correlation  very  little  indeed. 

5.  A  correlation  of  weiglit  with  the  best  regression  weighting  of 
elbow  and  knee  (wrist  and  ankle  lield  constant)  (Ro.i3/l'4)  was 
relatively  large ;  while  the  reverse,  the  correlation  of  weight  with 
the  best  regression  weighting  of  wrist  and  ankle  with  elbow  and 
knee  held  constant  (Ro.24/13)  was  small. 

6.  When  weight  was  correlated  with  knee  (elbow  held  constant) 
{i\,z.i),  the  correlation  was  in  every  case  high,  while  when  weight 
was  correlated  with  elbow  and  knee  was  held  constant,  the  correla- 
tion was  somewhat  lower.  This  would  indicate  that  in  general  knee 
contributes  more  to  the  prediction  of  weight  than  does  elbow. 

7.  When  wrist  and  weight  were  correlated  and  knee  held  con- 
stant, the  correlation  was  very  low. 

It  would  seem  clear  from  this  picture  that  the  measurements  of 
wrist  and  ankle  contribute  relatively  little  to  the  total  predictive 
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value  if  elbow  and  knee  are  used  for  the  prediction  eciuation.  In 
further  studies,  wrist  and  ankle  were  omitted  from  consideration, 
but  elbow  and  knee  seemed  to  be  worthy  of  furtiier  study. 

A  second  study  of  the  effect  of  bony  measurements  on  the  weij^ht 
was  made  by  measuring  the  bones  of  thirty-nine  adult  male  matched 
skeletons^  and  correlating  these  measurements  with  the  actual 
weight  of  the  whole  skeleton.  The  correlations  obtained  were  less 
than  the  true  value  as  the  weights  of  the  skeletons  were  inconsistent 
due  to  differences  in  the  amount  of  drying  out  and  in  llic  amount 
of  fat  left  inside  of  the  bones.  This  was  impossible  to  standai'dize. 
Consequently,  these  correhitions  are  decidedly  lower  than  tlioy 
would  be  if  the  studies  could  have  been  made  on  fresh  bones. 

The  data  available  on  the  skeletons  were  the  stature  of  the  cadaver 
as  recorded  in  the  records  of  the  laboratorv,  the  lenuth  of  the  left 
clavicle,  the  widths  of  the  humerus  and  the  femur  at  tlie  epicondyles, 
and  the  width  of  the  pelvis.^  This  was  obtained  by  assembling  the 
pelvis  and  binding  it  together  with  rubber  bands,  and  then  measur- 
ing it  at  the  crests  of  the  ilia.  The  results  are  seen  in  the  follow- 
ing tabulation: 

Zero  Order  Correlations* 


foi 

=   .5874 

r,,   =   .4751 

r:4 

=  .3621 

ro2 

=  .4334 

r„  =   .4472 

r:5 

=   .4579 

ro3 

=   .4570 

r„   =   .6130 

r34 

=  .5818 

ro4 

=   .5922 

r,5   =   .5518 

r35 

=  .6748 

fos 

=  .5664 

r„   =    .4156 

r45 

=   .6.505 

Partial 

and  Multiple   Correlations* 

roi.2M5 

— 

.2537 

ro5.iM  =^  .14o2 

■"0. 12J45      

.6873 

ro:.i»)5 

— 

.0091 

r„=.,34  =  .0299 

1^0.1315         

.6872 

Tos.  1245 

— 

.2325 

r„..i,5  =  .0894 

■Kq.  134 

.6789 

r(M.l:3o 

■zz. 

.1672 

r„..i45  =  .0647 

1^0.135          

.6728 

Tfls.  i;ji 

= 

.1424 

r„,.345  =  .0038 

Ro.l3            = 

.5542 

r  0.  1M5 

z= 

.2533 

To:. 34    =   .0352 

Ro.45           = 

.6712 

Tea.  145 

=: 

.2408 

r,„.35    =  .1005 

Eo.35           = 

.5746 

rnl.  135 

m 

.1889 

r„,.,5    =  .0878 

The  following  key  is  to  he  used  with  the  above  tabulation; 

0  =  Weight  3   =   Pelvis 

1  =   Height  4   =  Elbow 

2  ^  Shoulder  5  =  Knee 


8  These  measurements  were  made  on  skeletons  of  the  anatomical  laboratory  of  Wash- 
ington University  through  the  courtesy  of  the  director  of  the  laboratory,  Dr.  R.  J. 
Terry.     The  actual  measurements  were  made  by  Dr.  Helen   Dawson  of  this  Station. 

9  It  was  impracticable  to  attempt  to  assemble  the  bones  of  the  wrist  and  ankle  in 
such  a  way  as  to  obtain  a  measurement  of  the  widths  of  these  joints  that  would  be 
even   approximately  accurate. 
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From  this  talnilation  it  can  be  seen  that  the  lens!;th  of  the  clavicle, 
which  was  the  nearest  approach  possible  to  the  width  of  shoulders, 
makes  little  difference  if  the  measurements  of  hips  and  either  elbow 
or  knee  are  taken.  There  is  other  evidence,  to  be  presented  below, 
that  if  the  chest  girth  is  also  included  (which  was  not  practicable 
for  the  skeletons),  the  importance  of  shoulder  width  is  further 
diminished.  Hence  this  measurement  is  dropped  from  further 
consideration  in  so  far  as  its  effect  upon  the  prediction  of  the 
weight  of  the  skeleton  is  concerned. 

This  tabulation  also  indicates  that  the  widths  of  the  elbow  and 
knee  alone  are  much  more  accurate  than  stature  and  hips,  and  are 
almost  as  accurate  as  the  whole  battery  of  measurements  for  the 
prediction  of  skeletal  weight.  This  is  the  more  surprising  in  that 
the  wddth  of  these  bones  at  the  epicondyle  correlates  with  the  size 
of  the  bone  at  the  shaft  only  .67  for  the  humerus  and  .52  for  the 
femur. 

Since  the  liony  skeleton  does  make  up  an  important  part  of  the 
weight  of  the  body,  it  seems  desirable  to  retain  the  measurements 
that  correlate  highly  with  the  bony  skeleton  in  any  regression  form- 
ula that  is  used  for  the  i)rediction  of  body  weight  until  there  is 
evidence  to  the  contrary. 

It  w^as  impossible  to  measure  chest  girth  on  the  skeletal  material, 
but  the  question  arises  as  to  whether  the  inclusion  of  it  would  make 
it  possible  to  eliminate  the  el])ow  measurement.  If  the  circum- 
ference of  the  chest  were  correlated  highly  enough  with  the  elbow, 
the  elbow  measurement  might  be  eliminated  from  the  regression 
equation  and  simi)lify  the  administration  procedure.  An  attempt 
to  solve  this  problem  was  made  on  the  living. 

As  has  been  stated,  it  was  found  that  the  variables  of  height, 
chest  circumference,  width  of  hips,  width  of  elbow,  and  width  of 
knee  were  of  importance  for  the  prediction  of  normal  weight.  Com- 
parative studies  were  made  to  determine  the  multiple  correlations 
predicting  weight  when  using  height,  girth  of  chest,  Avidth  of  hips, 
knee,  and  elbow,  and  in  using  the  same  measurements  without  elbow 
width.  The  results  are  seen  in  Table  12.  It  will  be  seen  that  there 
is  very  little  difference  in  the  resulting  multiple  correlations  at  any 
age.  Therefore,  to  facilitate  the  computation,  it  was  decided  to 
omit  the  width  of  elbow  in  weight  prediction,  although  an  occasion- 
al exceptional  case  might  warrant  its  inclusion. 

To  justify  the  inclusion  of  any  joint  measurements,  analyses  were 
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Tabic  12 

Comparative    irultiplc    Correlations    Prcrlicting    Weight    for 

Three  Different  Groups  of  JSkclctal  Measurements 


Males 

Females 

Age 

Group 

1* 

Group 

2** 

Group 

3*** 

Group 
1* 

Group 

2** 

Group 

3*** 

2  Years  to 
2  Years, 
5  Months 

.9458 

.9098 

.9791 

.9266 

4  Years 

.9303 

.9124 

.8752 

.9666 

.9636 

.9576 

5  Years 

.9353 

.9100 

.8972 

.9508 

.9442 

.9378 

6  Years 

.9285 

.9224 

.9206 

.9059 

.8972 

.8875 

7  Years 

.9097 

.9042 

.8941 

.9433 

.9340 

.9298 

8  Years 

.9350 

.9247 

.9105 

.9106 

.9077 

.8880 

9  Years 

.9410 

.9237 

.9120 

.9481 

.9481 

.9327 

10  Years 

.9248 

.9180 

.9113 

.9339 

.9315 

.9153 

11  Years 

.9061 

.9011 

.8726 

.9385 

.9385 

.9237 

12  Years 

.9068 

.8960 

.8759 

.9298 

.9289 

.9027 

13  Years 

.9741 

.9682 

.9533 

.9313 

.9279 

.8983 

14  Years 

.9585 

.9573 

.9467 

.9066 

.9041 

.8662 

15  Years 

.9517 

.9500 

.9359 

.8495 

.8480 

.7865 

18  Years 

.9211 

.9196 

.9034 

.8759 

.8749 

.7426 

17  Years 

.9266 

.9233 

.9037 

.8756 

.8729 

.7977 

College 

.8986 

.8946 

.8753 

.9275 

.9275 

.7966 

*  Group  1  includes  height,  chest  circumference,  hips,  knee,  and  elbow 
**  Group  2  includes  height,  chest  circumference,  hips,  and  knee 
***  Group  3  includes  height,  chest  circumference,  ami  hips 

made  for  each  age  and  sex  from  four  years  to  college  freshmen,  and 
these  results  are  also  tabulated  in  Table  12.  It  ^vill  be  seen  that  the 
inclusion  of  measurements  of  joints  is  of  less  importance  in  males 
than  in  females,  and  more  in  females  after  pubescence  (twelve  to 
thirteen)  than  before.  For  some  reason,  as  yet  not  known,  the 
bone  measurements  become  of  greater  and  greater  importance  in 
the  female  as  postpubescent  age  increases,  at  least  to  the  age  of 
college  freshmen.  In  the  methods  devised  at  this  Station,  "normal 
weight"  is  read  from  two  charts,  each  giving  regression  values  for 
two  measurements  (with  constants  of  the  equation  incorporated 
into  the  tables),  and  it  is  as  easy  and  hardly  more  time  consuming 
to  compute  this  from  four  measurements  as  from  three ;  hence,  we 
have  left  the  knee  measurement  in,  even  in  ages  where  it  makes 
relatively  little  difference.  This  decision  has  been  strengthened  by 
experience  with  a  number  of  somewhat  atypical  or  asymmetrical 
individuals,  in  which  cases  the  prediction  of  the  norm  is  better,  or 
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nearer  to  the  probable  facts  as  ascertained  by  observation,  when  the 
knee  measurement  is  included. 

Studies  with  the  X-rays  have  shown  that  within  a  very  large 
range  of  fatness  the  amount  of  fat  over  the  epicondyles  of  knee  and 
elbow  makes  little  difference  in  the  measurements.  This  is  not 
true,  however,  of  the  very  corpulent,  and  the  addition  of  the  meas- 
urement of  knee  or  of  elbow  and  knee  may  increase  the  predicted 
normal  weight  more  than  is  desirable.  As  yet  no  satisfactory 
method  has  been  devised  to  correct  for  this  because  of  the  fact 
that  the  skin  with  its  subcutaneous  fat  is  quite  adherent  to  the 
underlying  fascia  in  the  regions  of  joints  and  cannot  be  consistently 
picked  up  and  measured  at  those  points.  However,  the  cases  of 
extreme  corpulency  are  not  frequent,  and  the  measurer  soon  learns 
to  make  any  necessary  allowances  for  them.  It  may  be  pointed  out 
that  from  the  standpoint  of  using  these  standards  constructively 
for  the  benefit  of  the  child,  this  makes  little  difference.  The  im- 
portant thing  is  not  that  one  should  be  able  to  predict  the  amount 
of  overweight  to  the  tenth  of  a  kilogram,  for  if  the  child  is  over- 
weight he  is  at  least  well  nourished,  so  far  as  weight  is  an  indica- 
tion of  nourishment.  The  important  thing  is  to  evaluate  the  nu- 
tritional status  of  the  child  who  is  near  the  normal  and  the  child 
who  is  below.  It  is  found  that  these  measurements  of  joints  are 
accurate  within  this  range.  The  pressure  used  presses  the  epicon- 
dyles through  the  fat  for  all  those  whose  weight  is  not  more  than 
8  or  10  per  cent  above  the  normal;  hence  these  measurements  assist 
in  identifying  the  "normal"  weight  for  the  normal  and  the  under- 
weight child,  which  is  the  important  aspect  of  this  problem  from 
the  standpoint  of  child  welfare. 

As  tentative  conclusions  the  evidence  adduced  above  would  in- 
dicate that  for  the  purpose  of  measuring  the  relative  contribution 
to  weight  of  the  bony  skeleton,  the  measurements  of  height  and 
the  widths  of  hips,  knee,  and  elbow  add  definitely  to  the  multiple 
correlations  for  the  prediction  of  skeletal  value.  It  is  probable  that 
the  circumference  of  the  chest  is  also  of  value,  though  it  has  been 
impossible  to  verify  this  on  the  matched  skeletons.  When  the  meas- 
urement of  the  width  of  knee  is  included,  the  necessity  for  adding 
the  measurement  of  the  elbow  is  lessened.  Further  studies  on  the 
living  in  w^hich  total  weight  —  not  skeletal  weight  —  was  predicted 
indicated  that  the  measurements  of  the  elbow  and  knee  were  of 
lesser  importance  in  the  males,  and  in  the  females  were  of  great 
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importance  only  after  the  age  of  thirteen.  Since  it  is  practically 
as  easy,  administratively,  to  add  the  measurement  of  the  knee  as 
it  is  to  omit  it,  it  is  recommended  tiiat  it  be  included  to  conserve 
the  slight  increase  in  accuracy.  In  both  sexes,  it  was  found  that 
the  addition  of  the  width  of  the  elbow  added  too  little  to  r)ay  for 
its  retention. 

Oilier  Measurements  Suggested  in  the  Literature 

Preliminary  studies  had  indicated  that  there  was  nothing  of  im- 
portance to  be  gained  by  the  inclusion  of  the  measurements  of 
width  of  shoulders  and  of  sitting  height,  frequently  mentioned  in 
the  literature  as  being  of  value  in  the  prediction  of  weight.  Data 
on  these  measurements  were  analyzed  for  infants  and  older  chil- 
dren. In  the  data  on  infants,  the  width  of  the  knee  was  not  in- 
cluded, but  even  without  this,  the  results  indicated  that  measure- 
ments of  sitting  height  and  shoulders  might  be  omitted.  These 
results  are  seen  in  Table  13. 

In  every  case,  total  height  with  chest  girth  and  width  of  hips 
held  constant  correlates  more  highly  with  weight  than  docs  sitting 
height  with  chest  girth  and  hip  width  held  constant.  The  correla- 
tion of  height  against  weight  with  sitting  height,  chest  girth,  and 
hip  width  held  constant  is  in  every  case  higher  than  the  correla- 
tion of  weight  and  sitting  height  with  total  height,  chest  girth,  and 
width  of  hips  held  constant.  In  other  w^ords,  in  this  combination, 
total  height  contributes  more  to  the  prediction  of  weight  than  does 
sitting  height,  giving  the  same  kind  of  information  but  more  of  it. 

When  the  width  of  the  shoulders  is  correlated  against  weight 
with  height,  chest,  and  hips  held  constant,  the  partial  correlation 
is  very  low.  In  infants,  neither  sitting  height  nor  shoulder  width 
nor  both  contribute  enough  to  raise  the  multiple  correlation  more 
than  .01  —  a  contribution  too  small  to  make  the  inclusion  of  either 
measure  desirable. 

Size  of  the  Head 

Since  the  head  is  such  a  comparatively  large  part  of  the  infant's 
body,  it  was  thought  that  head  size  might  contribute  much  to  the 
prediction  of  normal  weight.  The  circumference  of  the  head  was 
added  to  the  battery  for  trial,  but  in  no  case  did  it  add  more  than 
.01  to  the  multiple  correlation.  The  partial  correlation  of  head 
circumference  and  weight  with  height,  chest,  and  hips  constant  was 
.18  in  the  age  group  studied ;  hence  this  measurement  has  been 
omitted. 
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Table  13 

Analysis  of  Eelative  Contributions  of  Sitting  Height  and  Width  of 

Shoulders  to  the  Prediction  of  the  Weight  of  Infants 


Multiple 
Corre- 
lations* 

Age, 

Months 

1   to   6 

7  to  12 

13  to  24 

25  to  36 

Boys 

E 

.950 

.955 

.852 

.882 

roi.23 

.473 

.745 

.532 

.519 

^05.  23 

.398 

.660 

.383 

.456 

^05.123 

.062 

.219 

.018 

.110 

I'oe.  123 

.128 

-.054 

.255 

.209 

roi.233 

.284 

.498 

.399 

.293 

Girls 

E 

.951 

.931 

.862 

.891 

roi.:3 

.594 

.650 

.581 

.613 

r05.23 

.498 

.452 

.489 

.448 

^05. 123 

.063 

-.123 

.024 

-.043 

Toe.  123 

-.100 

-.004 

.051 

.003 

^01.235 

.378 

.534 

.362 

.468 

The  i 

ollowing  is 

the  key  to 

be 

used 

with  this 

table 

0 

— 

Weight 

1 

— 

Height 

2 

z= 

Chest  Circumference 

3 

^ 

Hips 

4 

z^ 

Knee 

5 

= 

Sitting  He 

ight 

6 

r:i 

Shoulders 

The  second  phase  of  this  study  was  made  on  ages  four,  six,  ten, 
thirteen  (girls),  fourteen  (boys),  and  college  freshmen.  Multiple 
correlations  were  run  predicting  weight  from  height,  chest  girth, 
hip  width,  and  width  of  knee,  and  for  these  plus  shoulder  width 
and  sitting  height.  Partial  correlations  of  sitting  height  and  of 
shoulder  width  on  weight,  with  height,  chest,  hips,  and  knee  con- 
stant were  also  computed.  From  Table  14  it  will  be  seen  that  in  no 
case  do  either  of  these  measurements  add  more  than  .01  to  the 
multiple  correlation.  For  this  reason  these  measurements  were 
omitted,  and  we  chose  total  height,  circumference  of  chest  (cor- 
rected for  fat),  width  of  hips  at  the  crests  of  the  ilia  (corrected 
for  fat),  and  the  width  of  the  left  knee  as  the  skeletal  measurements 
from  which  to  compute  normal  weight  for  all  age  groups. 
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CHAPTER  Y 

THE  SELECTION  OF  MEASUREMENTS : 

MEASUREMENTS  OF  FAT  AND 

SUBCUTANEOUS  TISSUE 

The  research  in  this  field  is  at  present  less  complete  than  that 
in  the  field  of  over-  and  underweight  or  of  breathing  capacity. 
Relatively  comprehensive  studies  have  been  completed  on  the  upper 
age  groups,  but  these  have  not  as  yet  been  extended  down  through 
the  lower  age  groups.  Pending  the  completion  of  such  studies,  the 
measurements  which  have  evolved  from  the  studies  on  the  older 
subjects  may  be  applied  to  the  younger  children. 

The  first  study  in  this  field  which  we  have  been  able  to  find  was 
that  of  Matiegka  (31)  who,  in  1921,  reported  his  efforts  to  evaluate 
the  amount  of  the  various  elements  concerned  in  the  make-up  of 
the  body.  Matiegka  measured  the  fold  of  skin  and  fat  with  blunt 
pointed  calipers,  "with  the  exertion  of  a  mild  pressure  just  enough 
to  enable  the  skin  fold  to  slip  out  of  the  branches  (of  the  sliding 
calipers)  when  the  fingers  do  not  hold  it  any  longer."  He  meas- 
ured the  skin  fold  on  (1)  the  front  of  the  upper  arm  above  the 
biceps,  (2)  on  the  palmar  side  of  the  forearm  at  the  level  of  the 
maximum  breadth,  (3)  on  the  thigh  halfway  between  the  inguinal 
fold  and  the  knee,  over  tlie  quadriceps  muscle,  (4)  on  the  calf  of 
the  leg  at  the  level  of  the  greatest  width,  (5)  on  the  thorax,  half- 
way between  the  nipples  and  the  umbilicus  (at  the  costal  margin), 
and  (6)  on  the  abdomen,  halfway  between  the  umbilicus  and  the 
anterior  superior  spine  of  the  ilium.  These  measurements  were 
made  with  a  pressure  that  had  not  been  standardized,  except  sub- 
jectively, and  the  size  of  the  fold  taken  is  not  stated.  ]\Iatiegka  did 
not  attempt  to  use  this  to  develop  a  standard  of  nutritional  status. 

In  1929  Franzen  (17)  proposed  three  measurements  of  skin  and 
subcutaneous  fat ;  one  was  taken  on  the  front  of  the  upper  arm, 
one  on  the  back  of  the  upper  arm,  and  one  over  the  calf.  This 
latter  was  found  to  be  too  adherent  to  permit  of  its  being  used  in 
all  cases,  and  was  abandoned.  Frazen  proposed  standards  for  the 
ages  of  ten,  eleven,  and  twelve  for  these  subcutaneous  fat  measure- 
ments.    These  standards  were  developed  from  multiple  regression 
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equations  computed  from  measurements  of  height,  width  of  hips 
at  the  trochanters  (with  pressure),  depth  and  width  of  chest,  and 
width  of  shoulders  at  the  acromion.  Franzcn  made  a  very  real 
contribution  in  the  technique  of  measuring  this  skin  and  subcuta- 
neous fat,  in  devising  calipers  for  the  purpose  with  springs  of  con- 
stant tension,  and  in  proposing  a  standard  technique. 

In  the  opinion  of  the  present  author,  however,  the  proposed 
standards  are  based  upon  faulty  assumptions.  Franzcn  "s  measure- 
ments upon  which  the  standards  are  based  include  three  (chest 
depth,  chest  width,  and  width  of  hips  over  the  trochanter)  ^^•llich 
in  themselves  include  fat.  It  is  well  known  that  the  measurement 
over  the  hips  at  that  level  also  includes  a  fat  pad  that  is  i)roportion- 
ately  thicker  than  the  fat  of  the  other  parts  of  the  body.  The  effect 
of  using  measurements  which  include  fat  to  predict  normal  fat  may 
be  seen  in  the  following  hypothetical  case. 

On  page  29  of  Franzen's  book,  one  boy's  measurements  are 
given.  We  have  chosen  this  one  to  illustrate  our  ])oint,  as  his  fat, 
according  to  the  computations  pre^jented,  is  about  average.  Let  us 
suppose  that  he  becomes  fatter  —  fat  enough  that  approximately 
half  a  centimeter  of  fat  is  added  on  all  sides  of  his  chest  (increas- 
ing both  depth  and  width  by  one  centimeter),  and  approximately 
two  centimeters  on  each  side  of  his  hips  at  the  trochanters.  The 
contrasted  measurements  are  shown  in  the  following  tabulation, 
in  which  the  first  column  contains  the  figures  as  given  by  Franzen 
and  the  second  as  they  would  be  with  this  amount  of  fat  added. 
It  should  be  kept  in  mind  that  in  Franzeii  's  ecjuations  the  chest 
measurements  are  twice  one  diameter,  as  the  sum  of  the  measure- 
ments in  inspiration  and  in  expiration  is  given  in  each  case. 


Effect  of  Increased  Fat  on  Franzen  "s 
Prediction  of  Normal  Fat 


As 
Changed 

54.5 
30.0 
36.0 
50.0 
30.3 

36 


*  Height  in  Franzen's  study  is  given  in  inches, 
diameters  in  centimeters,  and  fat  nioasurements 
in  an  arbitrary  scale,  which  is  millimeters  plus  six. 


Measurement 

Original 

Height 

54.5 

Hips 

25.9 

Chest  depth 

31.7 

Chest  width 

45.9 

Shoulders 

30.3 

"Normal"  amount  o 

f  fat 

on  front  of 

biceps 

by 

27.7 

Franzen's  formula 
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In  other  words,  it  Avould  seem  that  if  bodily  measurements  which 
include  fat  are  used  for  the  purpose  of  computing  fat,  the  results 
will  show  that  fat  children  will  be  fat !  If  the  boy  used  as  an  ex- 
ample above  were  to  grow  to  be  fat  as  has  been  indicated,  his 
''norm"  would  have  been  increased  from  27.7  to  36  —  while  his 
skeletal  build  remained  the  same.  This  has  led  us  to  reject  this 
method  of  devising  standards  in  favor  of  the  method  which  will  be 
discussed  in  the  second  volume  of  this  series.  However,  Franzen's 
splendid  pioneer  study,  undertaken  at  a  time  when  there  was  no 
experience  in  this  field,  has  opened  up  the  field,  standardized  the 
techniques,  and  should  be  the  stimulus  to  many  other  studies  which 
will  advance  this  aspect  of  the  work  in  nutrition  within  the  next 
few  years. 

Three  studies  (22,  29,  37)  have  been  made  in  the  tield  of  fat  and 
subcutaneous  tissue  at  this  Station.  Since  the  method  and  scope 
of  all  three  were  similar,  the  findings  will  be  summarized  together 
in  this  volume,  and  detailed  reports  of  each  study  will  be  presented 
elsewhere. 

For  the  preliminary  trials  half  a  dozen  fat  subjects,  half  a  dozen 
thin  subjects,  and  about  a  dozen  fairl.y  average  subjects  were  chosen. 
Fat  measurements  were  taken  on  a  large  number  of  locations  on  all 
parts  of  the  body.  Several  of  these  locations  were  found  to  be  of 
such  a  nature  that  in  many  individuals  the  skin  w^as  too  adherent 
to  the  underlying  muscle  or  other  tissue  to  be  readily  picked  up  in 
a  double  fold  for  measurement.  These  locations  were  rejected, 
and  the  experimenters  proceeded  to  collect  data  upon  a  large  num- 
ber covering  the  whole  range  (an  ordinary  random  sample)  of  the 
age  group  studied.  The  locations  retained  for  further  study  by 
each  of  the  experimenters  will  be  found  in  Table  15. 

The  normal  weight  for  each  individual  was  computed  from  meas- 
urements of  height,  chest  girth  (corrected  for  fat),  width  of  hips 
at  the  crests  of  the  ilia  (corrected  for  fat),  and  widths  of  elbow  and 
knee  at  the  epicondyles.  These  norms  or  regression  values  were 
then  divided  into  the  actual  weight  and  the  result  multiplied  by 
one  hundred  to  obtain  the  percentage  that  the  individuaFs  actual 
weight  was  of  the  normal  weight,  which  quotient  could  be  readily 
interpreted  in  terms  of  percentage  over  and  imder  the  normal 
weight.  This  percentage  of  over-  and  underweight  was  taken  as 
one  criterion  of  nutritional  status.  As  will  be  shown  in  Chapter 
VI,  over-  and  underweight  are  more  dependent  upon  muscular  de- 
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velopmeiit  than  upon  fat  in  the  hirgcst  majority  of  individuals. 
This  means,  of  course,  that  the  correlation  of  fat  with  under-  and 
overweight  will  be  lowered.  No  attempt  was  made  to  hold  muscle 
girth  constant  as  it  was  felt  that  while  this  would  raise  the  cor- 
relation of  fat  and  overweight,  it  would  probably  not  change  the 
relative  rank  of  these  correlations  and  would  unnecessarily  com- 
plicate the  study. 

In  the  studies  by  Marshall  and  Royce,  another  criterion  was  de- 
veloped. All  of  the  direct  fat  measurements  were  summed  to  ob- 
tain a  criterion  which  was  termed  "total  fat."  (By  direct  measure- 
ments is  meant  measurements  with  the  fat  calipers  directly  ui)on 
a  double  fold  of  skin  and  subcutaneous  tissue.  The  measurement 
obtained  by  subtracting  the  bi-cristal  width  of  the  hips  (corrected 
for  fat)  from  the  width  of  the  trochanters  without  pressure  was 
omitted  from  this  "total  fat.")  Correlations  were  obtained  be- 
tween each  fat  measurement  and  the  total  fat  measurements,  as  well 
as  between  each  fat  measurement  and  over-  and  underweight.  This 
"total  fat"  criterion  was  of  limited  usefulness,  however,  because 
as  more  and  more  variables  were  added  in  a  multiple  regression,  the 
results  became  progressively  spuriously  higher,  owing  to  the  in- 
clusion of  these  variables  in  the  criterion.  It  was  used  primarily 
for  comparing  the  zero  order  correlations  and  for  confirming  or 
weakening  the  evidence  presented  by  the  correlations  with  over- 
and  underweight. 

The  problem  of  the  measurement  of  fat  for  the  purpose  of  evalu- 
ating nutritional  status  is  complicated  by  two  facts,     h'irst,  it  is 


\ 


J  i-^y 


Figure   2.      The   Distribution   of   the   Fat   Pad.s   on   the   Body 
(The  shaded  areas  represent  the  distribution  of  the  pads.) 
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possible  to  measure  only  the  fat  immediatelj'  beneath  the  skin. 
The  fat  on  the  omentum  and  other  internal  body  fat  may  have  a 
relatively  large  influence  on  weight  and  may  be  highly  correlated 
■with  nutritional  status,  but  at  the  present  time  it  cannot  be  meas- 
ured directly.  Second,  the  external  fat,  namely  the  fat  just  under 
the  skin,  is  not  evenly  distributed  over  the  surface  of  the  body. 
There  is  a  tendency'  for  this  subcutaneous  fat  to  be  deposited  in 
greater  amounts  in  certain  locations  in  what  have  been  termed  by 
anatomists  "fat  pads."  (See  Figure  2)  One  of  these  is  found 
above  and  behind  the  shoulders,  just  at  and  below  the  base  of  the 
neck ;  another  is  on  the  back  and  upper  part  of  the  arm,  including 
the  large  part  of  the  posterior  aspect  of  the  deltoid  muscle  and  the 
upper  half  of  two-thirds  of  the  triceps  region.  A  third  is  found 
over  the  abdomen  starting  from  just  above  the  umbilicus  and  run- 
ning dowTi  to  the  pubis  and  extending  outward  almost  to  the  ver- 
tical level  of  the  anterior  superior  spines.  Another  set  lies  over 
and  above  the  trochanters.  There  are  two  major  pads  in  this  group. 
One  runs  from  almost  the  height  of  the  umbilicus  and  extends  from 
the  vertical  level  of  the  axillary  line,  running  downward  and  back- 
ward over  the  area  of  the  gluteus  maximus  and  the  back  part  of 
tlie  gluteus  medius.  The  second  lies  just  below  this  and  runs  from 
about  the  anterior  superior  spine  downward  and  diagonally  back- 
ward to  the  part  of  the  thigh  just  below  the  gluteal  fold.  This 
pad  lies  over  the  greater  trochanter  and  sometimes  extends  quite  a 
distance  do^\^l  the  outside  of  the  thigh.  Another  set  of  pads  lies 
over  the  inside  and  outside  of  the  thigh  itself.  These  fat  pads  are 
present  most  noticeably  in  the  postpubescent  female.  The  fat  seems 
to  be  much  more  evenly  distributed  in  the  prepubescent  of  either 
sex.  The  postpubescent  male  develops  the  neck,  back  of  arm, 
abdominal,  and  thigh  pads  more  than  the  hip  pads,  while  the  post- 
pubescent female  develops  all  of  them,  but  .seems  to  develop  the 
abdominal  pads  less  and  the  hip  pads  more  than  the  male.  Even 
in  slender  and  underweight  postpubescent  females  the  X-ray  usual- 
ly shows  from  2  to  5  centimeters  of  fat  over  the  greater  trochanter, 
while  in  the  underweight  male  the  calipers  rest  practically  on  the 
bone. 

These  facts  about  the  fat  distribution  made  it  seem  desirable  to 
study  postpubescent  groups  rather  than  prepubescent  groups  for 
the  first  survey  of  this  problem  in  order  to  meet  the  problem  in  all 
its  complications,  and  an  endeavor  was  made  to  secure  measure- 
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ments  of  areas  with  fat  pads  as  well  as  areas  without  fat  pads.  Two 
types  of  measurements  were  taken.  Tiie  one  eomprisins  far  the 
greater  number  of  measurements  used  the  fat  ealii)ers  developed 
by  the  American  Child  Health  Association,  which  were  applied  di- 
rectly to  a  double  fold  of  skin  and  subcutaneous  tissue  picked  up  by 
the  fingers.  The  techniques  used  in  this  Station  for  these  fat  meas- 
urements are  described  in  Chapter  IX.  The  second  type  of  fat 
measurement  was  applied  only  to  the  fat  over  the  trochanters.  The 
fat  pads  in  this  location  present  a  rather  difficult  ])roblem,  par- 
ticularly in  the  postpubescent  female  and  also  in  tlie  relatively  cor- 
pulent male.  It  is  practically  imi)ossible  to  pick  up  fat  over  this 
region  or  in  any  place  around  the  gluteal  region.  Hence,  it  seemed 
impracticable  to  attempt  to  measure  this  fat  with  the  fat  calipers. 
Two  attempts  were  made  to  secure  an  estimate  of  this  fat  accurate 
enough  to  increase  the  multiple  correlations  with  the  criteria.  The 
first  was  to  compare  the  measurements  of  the  width  of  the  hips  at 
the  trochanter  without  pressure  with  the  width  at  the  same  place 
using  maximum  pressure.  The  second  was  to  compare  the  width 
of  the  hips  at  the  trochanters  without  pressure  and  the  width  of 
the  hips  at  the  crests  of  the  ilia  with  pressure  and  corrected  for 
fat.  The  former  was  of  little  value,  but  this  latter  measurement 
gave  excellent  results.  The  zero  order  correlations  with  each  crit- 
erion are  seen  in  Table  15.  Further  study  of  these  fat  measure- 
ments was  made  with  partial  correlations.  Certain  of  these  fat 
measurements  practically  duplicated  each  other  so  that  one  added 
nothing  appreciably  to  the  multiple  correlation  with  the  criterion 
if  the  other  was  used.  This  enabled  the  experimenters  to  reduce 
the  number  of  such  measurements  selected  for  the  final  battery. 

Several  practical  demands  influenced  the  selection  of  the  final 
battery.  In  the  computation  of  over-  and  underweight  the  circum- 
ference of  the  chest  and  the  width  of  the  hips  at  the  crests  of  the 
ilia  must  be  corrected  for  fat.  For  the  purpose  of  correcting  the 
former  it  has  been  found  that  the  measurements  we  have  called 
"front  of  chest"  and  "back  of  chest"  are  the  best  measurements 
to  use.  For  the  correction  of  hip  width  the  measurement  of  the 
fat  in  the  axillary  line  just  above  the  crest  of  the  left  ilium  is  used. 
Since  these  measurements  would  have  to  be  taken  anyhow,  it  was 
decided  to  put  them  in  the  battery  if  they  added  enough  to  justify 
their  inclusion. 

The  width  of  the  trochanters  without  pressure   minus  the   bi- 
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cristal  width  of  the  hips  with  pressure,  corrected  for  fat  (This 
measurement  will  hereafter  be  called  the  "hip  difference."),  in 
both  sexes  gave  a  relatively  high  correlation  with  the  criterion  and 
a  correlation  that  was  not  partialled  out  by  other  measurements. 
In  other  words,  it  apparently  measured  something  different  from 
that  measured  by  the  other  direct  measurements. 

The  final  battery  in  these  studies  was  reduced  to  the  following 
two  sets  of  measurements : 

Front  of  chest 

Back  of  chest  ,,  |  Front  of  arm 

Suprailiac  |  Back  of  arm 

Hip  difference 

To  the  first  we  have  added  the  measurement  taken  halfway  between 
the  left  nipple  and  the  umbilicus.  This  adds  relatively  little  to  the 
multiple  correlation  but  has  the  advantage  of  being  readily  picked 
up  in  all  individuals.  Occasionally  individuals  are  found  in  whom 
it  is  very  difficult  to  pick  uj)  the  fold  of  skin  in  the  location  we 
have  called  "chest  front."  This  latter  may  be  estimated  very 
accurately  by  the  curvilinear  regression  value  from  the  nipple- 
umbilicus  measurement.  It  will  readily  be  seen  that  the  first  bat- 
tery may  be  used  only  in  situations  where  it  is  possible  to  remove 
the  subject's  clothing,  at  least  to  the  waist.  In  situations  where  this 
is  not  possible,  the  second  battery  is  suggested.  This  battery  rep- 
resents very  much  the  same  thing  as  that  proposed  by  Franzen  and 
his  coworkers.  As  will  be  seen  in  Table  15,  the  multiple  correlation 
of  this  battery  with  the  criterion  of  over-  and  underweight  is 
decidedly  less  than  that  of  the  first  battery.  It  can  be  taken,  how- 
ever, on  one  bare  arm  and  is  readily  available  in  all  situations,  but 
should  be  considered  a  makeshift  rather  than  a  fundamentally 
sound  criterion. 

The  multiple  correlations  of  the  most  important  of  these  com- 
binations will  be  found  in  Table  15.  A  further  attempt  to  de- 
termine the  relationship  of  over  and  under  fat  to  over-  and  under- 
weight was  made  in  a  study  on  young  adults.  The  average  of  four 
fat  measurements  (front  of  arm,  back  of  arm,  front  of  chest,  and 
back  of  chest)  were  reduced  to  deviations  of  a  single  skin  and  fat 
thickness  from  the  average  of  all,  and  the  result  multiplied  by  the 
computed  surface  area  of  the  body  in  square  centimeters."     This 


10  Computed  by  Scammon's  formula,  394.56  W-^^^  x  H--^^      (Personal   communication 
from  Dr.  R.  E.   Scanunon,   University  of  Minnesota) 
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Table  15 
Analysis  of   Measurements  of   Skin   and   Subcutaneous  Tissue 


Junior 

High 
School 

Adult 

Males 

Adult  Females 

Measurement 

Boys 

Correlations 

With 

With 

With 

Over- 

and 

Under- 

Over- 

and 

Under- 

Total 
Fat 

Over- 

and 

Under- 

Total 
Fat 

weight 

weight 

weight 

I. 

Measurem 

3nts  on  th 

e  Trunk 

1.  Chest,  front  of 

axilla 

.4253 

2.  Chest   front 

.5025 

.5540 

.8335 

.5770 

.8776 

3.  Chest   side 

.4579 

* 

# 

.5947 

.9125 

4.  Abdomen,  mid- 

way  between 

.5438 

.8676 

.5909 

.9123 

nipple   and 

umbilicus 

5.  Abdomen,  side  of 

umbilicus 

.5216 

.8963 

* 

♦ 

6.  Abdomen,  mid- 

way between 

umbilicus   and 

.4828 

.8678 

.5785 

.8942 

anterior    su- 

perior spine 

7.  Scapula,    below 

spine 

.5026 

.4998 

.7738 

.5776 

.8658 

8.  Chest   back 

.4(578 

.5676 

.8216 

.5988 

.9089 

9.  Back  low 

.4435 

.4956 

.8515 

10.  Side  suprailiac 

.5085 

.5608 

.9113 

.6566 

.8930 

II. 

Measuren 

nents  of  the  Arms 

11.   Arm   front 

.4063 

.4652 

.8202 

.6110 

.8399 

12.  Arm   back 

.3898 

.4609 

.8291 

.5646 

.7822 

13.  Forearm  lateral 

.4526 

.8282 

.5290 

.8083 

in.    : 

Measureme 

nts  on  Hip  and  Legs 

14.  Thigh  front 

* 

.5018 

.8410 

.6106 

.8405 

15.  Hip  difference 

.5226 

.4873 

.7238 

.6116 

Note:  If  measurement  is  left  blank,  it  was  not  studied  for  that  group. 
If  marked  with  an  asterisk,  it  was  rejected  after  trial  because  it  was  too 
difficult  to  secure  a  satisfactory  measurement  consistently.  The  measure- 
ments included  in  this  table  are  only  those  retained  for  serious  study  by 
at  least  one  of  the  three  students  who  have  worked  on  the  problem. 
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Table  15   (Continued) 
Analysis  of  Measurements  of  Skin  and  Subcutaneous  Tissue 


Corre- 

Adult 

Adult 

lation* 

Males 

Females 

Eo.  123 

.5976 

.6682 

-t^oiisi 

.6545 

.7810 

Rn.:3s 

.6461 

.6657 

^0.2345 

.6532 

.7787 

Ro.34 

.6260 

.7686 

Ro.IM 

.6518 

.7784 

Ro.:i 

.6461 

.7743 

"O  i;315 

.6852 

.7804 

Rn.67 

.4958 

.6368 

^s.i;3l 

.9256 

.9614 

i^8.12M5 

.9313 

.9656 

Kg.ST 

.8830 

.8779 

*  The  following  key  is  to  be  used  with  the  above  correlations: 

0  =  Per  cent  over-  and  underweight 

1  =  Chest  front 

2  =  Chest  back 

3  =  Suprailiac 

4  =  Hip  difference 

5  =  Abdomen,  midway  between  nipple  and  umbilicus 

6  =  Arm  front 

7  =  Arm  back 

8  =  "Total  fat" 

would  roughly  approximate  the  volume  of  fat  over  or  under  the 
average,  so  far  as  subcutaneous  fat  is  concerned.  This  was  corre- 
lated with  the  over-  and  underweight  in  kilograms.     The  results 


were 


Males 
Females 


r   =   .3456 
r   =    .4620 


These  results  agree  surprisingly  well  with  the  correlations  of  per 
cent  over  or  under  fat  with  per  cent  over-  or  underweight  with  the 
percentage  of  over  or  under  muscle  held  constant : 


Males 
Females 


r   =   .4857 
r   =   .4236 


This  agreement  is  the  more  surprising  in  view  of  the  difficulties 
of  securing  an  accurate  measurement  of  the  actual  average  of  fat 
over  the  entire  body.     (See  Chapter  V,  p.  Ill) 

The  next  problem  to  be  studied  was  the  determination  of  norms 
of  fat  for  the  individual.  Attacking  the  problem  philosophically, 
at  least  two  approaches  may  be  made,  either  of  which  may  be  de- 
fended logically. 

1.     The  average  amount  of  fat  of  all  healthy  persons  of  a  given 
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age  and  sex  might  be  considered  as  the  best.  It  has  been  stated, 
as  a  result  of  a  study  of  insurance  vital  statistics  (See  footnote, 
Chapter  III,  p.  51),  that  the  trend  to  become  heavier  in  iniddle  and 
old  age  is  not  favorable  to  longevity;  yet  a  multiple  regression  pre- 
diction of  fat  from  skeletal  build  for  each  age  would  undoubtedly 
indicate  that  the  norm  of  fat  was  higher  at  each  succeeding  age. 
Statistically  this  is  true,  but  physiologically  it  does  not  seem  to  be 
desirable.  Furthermore,  it  may  be  argued  that  much  over  and 
under  fatness  is  due  to  such  physiological  disturbances  as  over  or 
under  thyroid  gland  output,  or  over  or  under  secretion  of  the 
posterior  lobe  of  the  pituitary  gland.  These  physiological  anomalies 
are  deviates  from  desirability,  and  where  they  influence  the  fat 
deposits  the  result  cannot  be  considered  as  normal,  at  least  physio- 
logically. Hence,  if  we  considered  only  the  average  of  all  healthy 
persons  of  a  given  age  and  sex,  there  would  be  a  very  large  pro- 
portion of  persons  of  linear  build  who  would  be  found  to  be  under 
fat,  and  the  majority  of  those  of  lateral  build  would  be  found  over 
the  norm.  However,  the  author  inclines  to  this  theory,  for  if  a 
larger  proportion  of  linears  are  undernourished  and  a  larger  per- 
centage of  laterals  are  overnourished,  this  should  not  lead  to  the 
conclusion  that  malnourishment  is  normal  or  desirable  for  the 
linear  and  fatness  is  normal  for  the  lateral. 

2.  The  second  line  of  argument  is  that  nature  tends  to  build 
her  own  norms,  hence  the  fact  that  the  linears  above  have  less  fat 
and  the  laterals  have  more  fat  is  in  harmony  with  other  natural 
conditions.  While  the  argument  is  not  impressive,  it  might  be 
held  that  linears  are,  on  the  w^hole,  the  possessors  of  a  higher  basal 
metabolic  rate,  and  hence  need  to  dissipate  heat  more  freely  than  do 
the  laterals  with  their  much  lower  average  basal  metabolic  rate. 
Hence  nature  aids  the  linear  to  radiate  heat  more  readily  by  not 
insulating  him  with  fat,  and  protects  the  heat  of  the  lateral  by 
providing  the  thicker  fatty  coating. 

This  second  argument  is  clouded  somewhat  by  the  facts  of  our 
modern  environment.  Most  children  and  adults  of  the  social  classes 
measured  at  this  Station  eat  more  and  exercise  less  tiian  they 
should.  The  lateral,  with  his  greater  digestive  and  absorptive 
area,  and  his  tendency  to  vagotony,  tends  to  become  fatter  than  he 
should,  or  than  he  would  were  he  working  at  more  strenuous 
physical  labor.  The  linear,  on  the  other  lunul,  with  his  constant 
tendency  toward  sympatheticotony,   tends   to   be   more   nervously 
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stimulated  by  the  complexity  of  the  environment  than  he  would  be 
in  a  more  primitive  or  rural  type  of  civilization,  and  has  his  di- 
gestive functions  interfered  with  —  and  he  adds  less  fat.  In  a 
more  physiologically  and  hygienically  normal  environment,  the 
lateral  would  probably  be  less  plump  and  the  linear  more  so. 
Hence,  this  second  argument  does  not  seem  to  be  as  clear-cut  or  log- 
ically convincing  as  is  the  first. 

Therefore,  two  possible  standards  are  proposed.  The  first  is 
simply  the  average  of  fat  measurements  for  the  age  and  sex,  and 
the  second  is  based  upon  build  or  type. 

Table  16 
Beta  Weightings  for  Different  Variables  to  Predict  Total  Fat 


Age, 
Years 

Height 

Elbow 

Knee 

Hips 

Chest 
Width 

Chest 
Depth 

Chest 
Circum- 
ference 

Boys 

5 

-.5858 

.3865 

.3300 

.3152 

-.1107 

-.0873 

-.1144 

6 

-.1927 

-.0550 

-.0293 

.2064 

-.5415 

-.1085 

.8885 

7 

-.6218 

.2883 

.3074 

-.0064 

-.0832 

.1432 

.2706 

8 

-.3921 

-.0521 

.1996 

.2086 

.0510 

-.0742 

.4712 

9 

-.3306 

-.0978 

.1855 

.3719 

-.0757 

-.0585 

.4306 

10 

.0218 

-.1682 

.1771 

-.0490 

-.2456 

.0541 

.7143 

11 

-.1435 

.0461 

.1778 

.0189 

.0521 

.2531 

.0046 

12 

-.1047 

-.2295 

.5064 

-.0641 

-.1451 

.1093 

.2307 

13 

-.1931 

.0930 

.4371 

-.3230 

.0443 

.3825 

.1423 

14 

-.4755 

-  .0634 

.3422 

.1518 

-.1212 

—  .0575 

.4774 

15 

-.5164 

-.0886 

.0942 

.4057 

-.1852 

.1153 

.4875 

16 

-.3239 

-.0053 

.3055 

.1096 

.0269 

.1104 

.0764 

17 

-.2999 

.5779 

.0242 

.0740 

-.7260 

-.6572 

1.3692 

Girls 

5 

-.3763 

.1519 

.3000 

.1119 

-.0857 

-.3094 

.6016 

6 

-.3335 

-.0797 

.2130 

.2954 

-.4147 

-.1961 

.9056 

7 

.2093 

.0311 

-.4057 

.3282 

-.9732 

.6295 

.7235 

8 

-.1378 

.1384 

.1120 

.1180 

-.1041 

.1237 

.3599 

9 

-.3504 

.1559 

.0692 

.2016 

-.3324 

-.1230 

.9624 

10 

-.4332 

-.1570 

.1355 

.3317 

-.1989 

.1302 

.6192 

11 

-.5097 

-.1054 

.2659 

.3537 

-.5384 

.1248 

.8809 

12 

-.3342 

-.0452 

.3514 

.3902 

-.3554 

.3192 

.3294 

13 

-.2741 

-.0952 

.2968 

.2663 

-.1589 

.1670 

.3955 

1-t 

-.2235 

-.1064 

.3658 

.1836 

-.2774 

-.0183 

.6357 

15 

.0273 

.0300 

.3998 

-.1181 

-.1665 

.1830 

.4061 

16 

-.3955 

-.1469 

.3448 

.1435 

-.4510 

.4572 

.6325 

17 

-.2074 

-.1355 

.3499 

.0473 

-.0621 

-.1259 

.4228 
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In  attempting  to  determine  norms  based  on  body  build,  the  first 
step  was  to  select  measurements  for  correlation  with  "total  fat," 
which  is  the  sum  of  the  six  fat  measurements  in  use  at  this  Station. 
Obviously  girths  of  limbs  and  measurements  of  the  chest  and  hips 
when  uncorrected  for  fat  could  not  be  seriously  considered,  as 
they  contain  varying  amounts  of  fat  within  the  measurements 
themselves.  Hence  the  measurements  selected  were  the  skeletal 
measurements  of  height,  chest  dimensions  (corrected  for  fat),  hip 
width  (bi-iliac,  corrected  for  fat),  and  widths  of  the  elbow- and 
knee.  To  reduce  the  statistical  labor,  partial  (3  weightings  for  each 
of  these  measurements  with  all  the  others  held  constant  were  com- 
puted.^^     These  are  shown  in  Table  16. 

Upon  studying  these  results,  it  was  seen  that  in  general  height 
had  a  negative  weighting.     When  ranked  as  to  size,  the  order  of 

Table  17 

The  Prediction  of  Total  Fat:    Multiple  Correlations  Between  Total 

Fat  and  the  Combinations  of  Variables  Indicated 


Age, 
Years 

Height 

and 

Corrected 

Chest 

Girth 

Height 
Corrected 
Chest 
Girth, 
Hips, 
and 
Knee 

3 

V  Predicted  Weight 

Corrected  Chest  Girth 

Height 

Height 

Males 

6 

.256 

.331 

.170 

.200 

9 

.319 

.491 

.334 

.201 

12 

.165 

.362 

.154 

.044 

15 

.337 

.457 

.424 

.116 

18  to 
20 

.386 

.430 

.428 

.367 

Females 

(i 

.305 

.491 

.179 

.103 

9 

.538 

.610 

.428 

.393 

12 
15 

.351 
.376 

.597 
.554 

.421 
.389 

.293 
.285 

18  to 
20 

.165 

.384 

.287 

.113 

11  In    this    preliminary    computation    chest    measurements    were    not    corrected    for    fat, 
hence  the  R  weightings  for  chest  \vill  be  somewhat  spuriously   large. 
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importance  seemed  to  be  chest  circumference,  height,  knee,^^  and 
hips.  This  is  the  same  battery  of  measurements  that  is  used  to 
predict  normal  weight.  Losing  chest  girth  corrected  for  fat,  three 
different  approaches  were  made  to  this  problem. 

First,  multiple  regressions  and  multiple  correlations  were  com- 
puted to  best  predict  "total  fat"  from  these  four  variables.  This 
study  was  limited  to  the  ages  of  six,  nine,  twelve,  fifteen,  and 
eighteen. 

The  second  approach  was  to  use  only  chest  circumference  (cor- 
rected for  fat)  and  height  to  predict  total  fat,  since  it  has  been 
shown  (Chapter  II)  that  this  index  is  an  excellent  one  for  designat- 
ing body  type.     These  measurements  were  combined  both  in  the 

.    ,        Chest  Girth         ,  .  ... 

nidex  ^-^  .   , and  ni  a  multiple  regression  equation. 

Height 

The  third  approach  w^as  to  use  the  measurements  of  height,  chest 

circumference    (corrected  for  fat),  width  of  hips    (corrected  for 

fat),  and  knee  in  the  form  of  a  weight  prediction  equation,  that 

is,  using  predict ed  iveight  in  the  form  of  the  "corrected  ponderal 

Predicted  Weight^'^ 
index,"  or ^^  .  - — .     The  correlations  of  these  form- 
Height 

ulae  with  total  fat  are  seen  in  Table  17. 

It  will  be  seen  that  in  almost  every  case  the  multiple  regression 
value  of  height  and  chest  girth  (corrected)  gave  a  higher  correla- 
tion with  total  fat  than  did  the  index  number  of  chest  girth  (cor- 
rected) divided  by  height.  In  most  of  the  age  groups  tried,  the 
"corrected  ponderal  index,"  or  the  cube  root  of  predicted  (or 
normal)  weight  divided  by  height  gave  a  higher  correlation  with 
total  fat  than  did  the  best  height-chest  combinations.  It  will  be 
recalled  that  this  normal  weight  is  computed  from  the  variables  of 
height,  chesT  girth  (corrected  for  fat),  hii)  width  (corrected  for 
fat),  and  width  of  knee.  These  same  four  variables,  but  with  dif- 
ferent weightings,  when  used  to  ])redict  total  fat  give  the  highest 
correlations  with  total  fat,  and  these  are  in  most  cases  significantly 
higher  than  the  correlations  with  the  corrected  ponderal  index. 

If,  therefore,  it  is  desired  to  estimate  the  deviations  in  over  or 
under  fatness  from  regression  values  based  upon  build,  the  best 
and  most  practicable  method  would  seem  to  be  to  compute  the  norms 
from  the  regression  equations  based  on  height,  chest  girth  (correct- 


12  Chest   width   was    slightly    higlier    than    knee    in    gills,   but   not    when    tliest   girth    was 
included. 
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ed),  hip  width  (corrected),  and  width  of  knee.  This,  however,  in- 
volves a  separate  set  of  tables  and  a  separate  set  of  computations. 
The  next  most  effective  method  would  be  to  use  the  corrected  pon- 
deral  index  as  the  basis  for  norms.  Since  normal  weight  will  ])ro])- 
ably  be  computed,  this  will  be  availal)le  without  further  effort.  The 
obtaining  of  tlie  index  is  a  matter  of  only  a  few  seconds  on  the  slide 
rule.  As  stated  above,  however,  in  our  opinion  the  average  value 
for  all  cases  is  the  more  satisfactory  norm  to  use.  P)0th  types  of 
norms  will  be  presented  in  the  subsequent  publication  of  standards. 
The  relatively  low  multiple  correlations  will  perhaps  lead  some 
readers  to  the  belief  that  these  norms  are  of  no  value.  It  should  be 
remembered  that  fat  is  one  of  the  most  variable  factors  of  the 
human  body.  It  fluctuates  with  diet,  rest,  inactivity,  general  health, 
and  many  other  factors  which  have  almost  no  relationship  to  phys- 
ique. The  norms,  therefore,  may  be  both  valid  and  important,  even 
when  the  correlation  between  the  predicted  norm  and  the  actual 
is  relatively  low.  If  the  correlations  were  strikingly  high,  it  would 
be  much  more  suspicious,  and  would  indicate  that  what  was  being 
predicted  was  not  the  norm,  but  the  actual  value. 


CHAPTER  VI 
THE  SELECTION  OF  ^lEASUREMENTS 

(Continued) 

MEASUREMENTS  OF  LIMB  GIRTH 

The  purpose  of  measuring  limb  girths  is  a  two-fold  one.  As  has 
been  shown  by  Franzen  (17),  adequate  muscular  development  is 
one  of  the  most  satisfactory  indices  of  general  nutritional  condition. 
This  is  also  indicated  by  strength  tests,  as  shown  by  the  work  of 
Chamberlain  and  Smiley  (10),  in  which  strength,  relative  to  size 
and  age,  correlated  .64  with  medical  examination  ratings  (original 
work  recomputed  with  triserial  "r").  In  addition  to  this,  over- 
and  underweight  must  be  evaluated  in  the  light  both  of  fat  and  of 
muscular  development.  The  best  evaluation  of  muscle  development 
is  undoubtedly  the  strength  test.  If  such  tests  are  given  and 
adequately  administered,  muscular  measurements  are  quite  un- 
necessary. Frequently  these  tests  are  not  considered  feasible,  and 
they  are  very  seldom  useful  below  the  age  of  ten.  The  work  done 
in  strength  testing  has  been  reported  elsewhere  and  will  not  be 
discussed  here  (26,  27,  36). 

The  nearest  approach  to  a  feasible  measurement  of  muscular 
strength  other  than  using  the  dynamometer  has  been  thought  to  be 
the  girth  of  the  limbs.  When  the  musculature  of  the  limbs  is  well 
developed,  the  muscles  of  the  rest  of  the  body  are  also  well  de- 
veloped because  during  general  muscular  activity  they  are  forced 
to  take  relatively  the  same  amount  of  exercise  as  that  undergone 
by  the  limbs.  In  a  study  of  the  relation  between  the  girth  of  the 
limbs  and  the  strength  of  the  same,  when  corrected  for  fat,  a  cor- 
relation of  over  .90  was  obtained  with  a  group  of  one  hundred 
fourteen-year-old  boys  (16).  This  is  consistent  with  the  fact,  es- 
tablished by  Weber  (19,  p.  42),  that  the  strength  of  a  muscle  varies 
directly  with  its  cross  section.  It  is,  of  course,  obvious  that  if  the 
measurement  is  to  be  primarily  of  muscular  tissue,  the  places  meas- 
ured should  not  include  viscera  or  other  nonmuscular  structures. 
In  addition,  the  measurements  should  be  as  little  influenced  by  fat 
as  possible.  These  considerations  at  once  rule  out  measurements  of 
the  trunk  and  leave  for  consideration  only  the  measurement  of  the 
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limbs.  Of  the  limbs,  girths  of  tlic  forcanii  and  cah  are  the  least 
influenced  by  fat,  Avhile  the  thigh  is  the  most  influenced  by  fat, 
especially  in  the  postadolescent  female.  Tiie  upper  arm  is  also 
influenced  greatly  by  fat  in  the  i)ostpubeseent  and  corpulent  per- 
son in  whom  fat  pads  on  the  back  of  the  arm  have  developed.  It 
may  be  pointed  out,  however,  that  for  practical  puri)o.ses  the  over- 
weight person  is  not  the  one  with  whom  we  are  most  concerned  as 
to  relative  malnutrition.  Hence  the  girths  of  the  upper  arm  and 
thigh  can  be  used  very  well  indeed  with  those  who  are  either  rel- 
atively normal  or  underweight.  We  have  included  the  girths  of 
the  upper  arm,  the  forearm,  the  thigh,  and  the  calf,  therefore,  as 
measurements  for  use  in  estimating  the  relative  muscular  de- 
velopment of  the  individual. 

A  study  of  the  correlation  of  the  strengths  of  specific  muscle 
groups  to  the  total  strength  of  the  body  has  been  made  on  data 
secured  from  the  Battle  Creek  College  of  Physical  Education^^ 
which  represent  a  rather  extraordinarily  well-administered  set  of 
tests.  The  strength  tests  given  at  that  institution  are  taken  with 
the  Kellogg  dynamometer,  an  instrument  wliich  j)ermits  the  taking 
of  strength  tests  on  comparatively  isolated  sets  of  muscles.  All 
tests  were  administered  by  an  expert  and  were  made  on  young 
adults  of  rather  better  than  average  muscular  development.  Total 
strength  was  determined  by  adding  all  test  results  together,  un- 
weighted. 

The  multiple  correlation  of  the  combined  strengths  of  the  follow- 
ing functional  groups  of  muscles  with  the  total  .strength  of  the  body 
were  obtained : 

Muscle  Groups  Men       Wuiiien 

1.  Wrist  flexors  and  wrist  extensors 

(corresponding  to  muscles  enclosed  in  forearm  girth)     .6681         .6382 

2.  Elbow  flexors  and  elbow^  extensors 

(corresponding  to  muscles  enclosed  in  uj)per  arm  girth)    .7675         .6048 

3.  Knee  flexors  and  knee  extensors  .8466         .7333 

4.  Knee  flexors  and  extensors  and  thigh  adductors 
(corresponding  to  muscles  enclosed  in  thigh  girth)  .8976         .8504 

5.  Ankle  flexors  and  ankle  extensors 

(corresponding  to  muscles  enclosed  in  calf  girth)  .7856  .7590 

6.  Pectoralis  major  and  shoulder  retractors  .8528  .7582 

7.  Latissimus  dorsi  and  pectoralis  major  .8635  .8005 

8.  Combined  muscde  groups  of  numbers  1,  2,  4,  and  5  .9351  .9247 


13  These    data    were    made    available    through    the    kindness    of    Mrs.    Ivalclare    Sprow- 
Howland,  Assistant  Professor  of  Physical  Education.  Battle  Creek  College,   Battle  Creek, 

Michigan. 
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It  will  be  seen  from  the  correlations  listed  above  that  the  muscle 
groups  measured  in  the  girths  of  the  upper  arm,  forearm,  thigh, 
and  calf  correlate  very  highly  with  the  total  miTseular  strength  of 
the  whole  body.  (Groups  6  and  7  cannot  be  measured  by  the  tape, 
but  they  correlate  very  highly  with  the  other  arm  strengths.)  Fur- 
ther evidence  to  strengthen  this  assumption  is  reported  in  a  study  by 
Rump  (38)  in  which  it  is  found  that  similarly  high  correlations 
were  obtained  between  one  strength  measurement  and  the  best 
combination  of  all  others.  These  tests  were  made  with  the  Rogers 
battery  of  tests  (36),  and  the  results  were  as  follows: 

Multiple  Correlation 
Measurement  With  All  Other  Tests 

Combined 

Eight  and  left  grip  .6280 

Knee  extensors  .6882 

Erector  spinae  .6592 

Elbow  flexors  and  latissimus  group  .9047 

Elbow  extensors  and  pectoralis  major  .9124 

The  group  tested  was  composed  of  high  school  .students  of  the  upper 
three  grades.     Correlations  are  uncorrected  for  attenuation. 

If  it  could  be  assumed,  as  was  indicated  in  the  work  of  Faust 
(16),  that,  especially  in  the  case  of  those  not  overweight,  the  girth 
01  the  limb  correlates  as  highly  as  .9  with  the  strength  of  the  muscles 
enclosed  by  the  tape  —  and  this  assumption  was  strengthened  by 
the  work  of  Weber  (19)  cited  above  —  then  we  might  conclude  that 
if  it  were  impracticable  to  test  for  strength  directly  (which  may 
well  be  the  case  with  small  children  and  in  school  situations  where 
it  is  impossible  to  obtain  the  funds  for  the  purchase  of  strength 
testing  apparatus),  the  measurements  of  the  girths  of  the  limbs 
might  be  taken  to  be  an  excellent  substitute,  and  these  girths  are,  as 
Franzen  has  indicated,  dependable  measures  of  nutritional  .status. 

Unfortunately,  this  assumption  is  not  as  valid  as  it  was  at  first 
thought  to  be,  though  the  evidence  contrary  to  it  is  not  entirely 
clear.  Two  studies  that  have  been  made  on  general  strength  present 
evidence  which  should  lead  to  further  investigation  in  this  field. 

Strength  tests  are  made  by  causing  the  subject  to  lift  or  squeeze 
a  dynamometer  which  registers  the  total  amount  of  strength  ex- 
erted. Generally  speaking,  these  tests  are  compounded  of  a  battery 
of  tests  which  measure  the  strength  of  various  groups  of  muscles, 
and  the  results  are  totaled. 

The  strength  score  is  presented  in  two  ways:  The  crude  total 
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score  —  usually  spoken  of  as  the  "Strensith  Index"  —  represents 
the  total  abi-olute  strength  score,  re  yard  less  of  the  size  or  age  of 
the  subject.  The  second  method  is  to  use  an  index  numl)er  obtained 
b}'  dividing  the  total  strength  or  strength  index  by  the  normal 
strength  index  for  that  age  and  weight.  This  has  been  called  the 
"Physical  Fitness  Index,"  usually  al)brc'viated  as  the  P.  F.  I. 
This  represents  the  strength  relative  to  the  norm  for  the  individual. 

In  this  laboratory,  two  studies  have  been  made  of  this  relative 
strength  (Physical  Fitness  Index)  and  the  relative  limb  girths, 
obtained  by  dividing  the  limb  girth  by  the  norm  for  that  individual. 
The  composition  of  these  groups  has  been  determined  by  the  sub- 
jects for  whom  the  data  were  available. 

The  first  group  studied  was  composed  of  college  women.  This 
group  would  present  this  problem  in  all  of  its  complexity,  for  the 
development  of  fat  pads  and  the  habits  of  relative  idleness  tiiat 
many  women  fall  into  after  the  beginning  of  the  senior  high  school 
would  be  present  to  a  large  degree. 

The  correlations  of  the  Physical  Fitness  Index  and  the  residuals 
of  muscle  girth  as  determined  from  the  chest  size  and  widths  of 
elbow  and  knee  were  as  follows: 


Girth 

Correlation 

Upper  arm 

.124 

±      .066 

Forearm 

.171 

±      .066 

Thigh 

-.009 

±      .067 

Calf 

.193 

±      .065 

Total  (average) 

.151 

±      .066 

These  very  small  correlations  are  discouraging.  In  the  light  of 
the  studies  on  the  relationship  of  muscle  strength  and  girths  of  the 
limbs  cited  above,  two  explanations  present  themselves  as  pos- 
sibilities. 

First,  in  these  postpubescent  women  the  variations  in  fat  are 
great.  None  of  the  limb  girths  are  corrected  for  fat,  for  in  this 
ease  the  purpose  of  the  study  was  to  determine  the  relationship  of 
the  girths  as  found  to  general  bodily  strength.  It  is  (juite  possible 
that  this  large  variation  in  the  fat  explains  mucii  of  the  finding. 
This  is  not  the  whole  stoi'y,  however,  for  in  the  fui-ther  studies^*  of 
these  data  relatively  small  correlations  were  found  in  these  women 
between  the  individual  muscle  girths  (corrected  for  fat)   and  the 


14  These   data   are   taken   from   the   doctor's   dissertation   of   Miss   Aileen    Carpenter,   not 
yet   published.      A  full  account   will   be  made   available   later. 
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strength.  The  correlations  were  much  smaller  than  the  correspond- 
ing ones  in  boys. 

The  second  possibilitj'  is  more  difficult  to  study  effectively  and 
has  not  been  attacked  as  yet.  The  current  physiological  literature 
proposes  that  when  skeletal  muscle  contracts  the  individual  fibers 
contract  in  maximum  contractions,  but  that  when  movements  not 
involving  much  strength  are  undertaken  by  the  mu.scles  only  a  few 
of  the  fibers  are  thrown  into  contraction  at  one  time.  It  has  been 
proposed  that  the  phenomenon,  frequently  observed  but  never 
measured,  of  a  usually  weak  person  suddenly  manifesting  great 
strength  when  hysterical  or  angry  or  delirious  may  be  due  to  the 
fact  that  the  individual  is  suddenly  enabled  to  throw  almost  all  of 
his  fibers  into  contraction  at  one  time,  when,  under  normal  con- 
ditions, this  does  not  seem  to  be  possible. 

If  this  theory  is  a  sound  one,  it  is  quite  probable  that  there  are 
wide  individual  differences  in  the  ability  to  throw  the  muscle  fibers 
into  contraction.  This  would  probably  be  based  upon  athletic  ex- 
perience, motivation,  excitement,  skill  in  taking  such  tests,  and  a 
number  of  other  factors.  There  may  be  muscular  development 
without  a  corresponding  degree  of  muscular  functioning.  From 
the  standpoint  of  measuring  motor  ability,  the  strength  tests  in  that 
case  would  be  much  the  more  important.  From  the  standpoint  of 
nutritional  status,  it  may  well  be  that  the  girths  of  the  limbs  may 
be  more  important  —  and  there  is  some  considerable  evidence  ad- 
duced in  this  chapter  to  show  that  this  is  true. 

In  the  study  by  Faust  (16)  referred  to  above,  the  high  correla- 
tion between  strength  and  girth  of  muscle  was  obtained  by  correct- 
ing for  attenuation.     The  formula  used  was: 


J.2  ^  '>^iy2'x,yi 


xy      ^XiX.'-yiy, 

In  this  formula  x  ^  arm  strength  and  y  ^=  the  girth  of  the  muscle. 
It  will  be  seen  from  this  formula  that  the  raising  of  the  raw  cor- 
relations is  dependent  upon  the  unreliability  of  the  zero  order  cor- 
relations. The  measurement  of  girth  was  quite  accurate  and  re- 
liable, but  that  of  the  arm  strength  was  not  nearly  as  consistent. 
Since  the  tests  were  taken  on  different  days,  this  was  probably  due 
to  the  dift'erenees  in  the  number  of  fibers  that  can  be  thrown  into 
contraction  at  one  time. 
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The  second  study  was  made  on  a  number  ol'  hi<;li  school  boys  of 
the  University  High  School  in  Iowa  City.  The  ages  were  from 
sixteen  to  nineteen  inclusive.  These  studies  were  made  in  two  dif- 
ferent ways.  The  first  was  like  that  outlined  above  for  the  women. 
One  possible  shortcoming  in  this  method  of  study  was  seen  in  the 
procedure  of  obtaining  the  Physical  Fitness  Index. 

The  Index  is  obtained  from  a  norm  for  age  and  actual  weight. 
In  this  strength  test,  two  of  the  tests  are  (1)  the  leg  lift,  in  which, 
in  addition  to  the  strength  registered  on  the  dynamometer,  the 
individual  has  to  exert  enough  strength  to  raise  his  weight,  and  (2) 
the  back  lift,  in  which  he  raises  about  another  quarter  of  his 
weight.  Hence,  the  overweight  person  will  be  somewhat  handi- 
capped in  having  to  lift  more  weight  than  that  which  might  be 
considered  '"normal  for  his  muscles,"  while  the  underweight  person 
will  be  aided  a  bit,  thus  influencing  the  numerator  of  the  Index. 
The  nonn  in  the  denominator  is  determined  in  part  by  the  actual 
weight.  In  overweight  persons,  this  norm  is  therefore  spuriously 
large.  Overweight  is  thus  penalized  both  by  decreasing  the  num- 
erator and  increasing  the  denominator  of  the  fraction,  while  under- 
weight is  similarly  rewarded. 

To  endeavor  to  meet  this  objection,  the  following  procedure  was 
adopted.  To  the  total  strength,  one  and  one-fourth  times  the  actual 
weight  was  added.  The  norm  in  the  denominator  was  determined 
from  age  and  normal  weight,  as  determined  from  our  Station 
standards.  We  shall  call  this  the  "Adjusted  Physical  Fitness 
Index."  The  correlations  with  the  residuals  of  the  limb  girths 
from  the  normal  with  both  methods  are  as  follows: 

Physical  Fitness  Index 


Girth 

Crude 

Adjusted 

Upper  arm 

-.1390 

.0044 

Forearm 

-.0189 

.1595 

Thigh 

-.2989 

-.1354 

Calf 

-.1586 

.0373 

Total  (aver 

aged) 

-.2294 

-.0171 

From  these  correlations,  it  will  be  seen  that  the  limb  girths  are 
not  useful  for  predicting  relative  strength,  although  they  are  use- 
ful for  predicting  nutritional  status  in  general.  Much  more  study 
of  this  area  of  health  and  physical  status  will  be  required  before 
these  problems  can  be  settled  satisfactorily. 
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RELATIVE    CONTRIBUTION    OF    MEASUREMENTS    OF 

OVER-  AND  UNDERWEIGHT,  OF  FAT,  AND  OF 

LIMB  GIRTH  TO  THE  ESTIMATION 

OF  NUTRITIONAL  STATUS 

This  problem  presents  difficulties  in  securing  valid  criteria  of 
nutritional  status  against  which  to  evaluate  the  fat  and  muscle 
measurements.  Three  attempts  have  been  made  to  solve  the 
problem. 

In  the  first  it  has  been  assumed  that  the  percentage  of  over-  or 
underweight  must  be  uted  as  at  least  a  partially  valid  criterion  of 
nutritional  status.  Against  this  has  been  correlated  the  percentage 
of  over  and  under  fat  and  the  percentage  of  over  and  under  normal 
muscle  girth,  averaging  all  of  the  fat  and  all  of  the  muscle  girth 
over  and  under  normal  percentages.  It  is  apparent  from  the 
multiple  correlations  that  there  are  other  things  in  addition  to  these 
two  that  affect  the  under-  and  overweight.  As  has  been  mentioned 
previously,  we  have  no  method  of  determining  the  amount  of  in- 
ternal fat,  or  how  well  it  correlates  with  the  amount  of  external 
fat,  nor  do  we  have  the  means  at  this  writing  of  determining  the 
amount  of  mu.'cle  that  has  not  been  measured  —  muscle  in  other 
parts  of  the  body. 

The  results  on  two  groui)s  of  eighteen-  and  nineteen-year-olds 
are  cited  as  examples.  This  age,  because  of  the  development  of 
the  fat  pads,  presents  the  most  complications  of  any  of  the  ages 
studied : 

x„     pi^r  cent  of  over-  or  underweight 

X]     per  cent  of  over  or  under  fat 

Xj     per  cent  of  over  or  under  niuscde  measured  by  the  tape 

Correlation  Males  Females 

foi  .5543  .4328 

r„2  .7438  .6666 

ri2  .3342  .1836 


r, 


01.2 


.4857  .4236 


r„o.,  .7121  .6625 

E„.,2  .8116  .7369 

(3„,.^  .3454  .3208 

|3„„.,  .6275  .6088 

In  studies  of  a  number  of  younger  age  groups,  from  infants  to 
adults,  approximately  the  same  relative  weightings  are  found.  The 
p  weightings  cited  above  are  the  regression  weightings  in  standard 
score  form  and  represent  the  relative  contributions  of  each  variable 
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to  the  criterion  varial)k\  It  will  be  seen  from  these  correlations 
that  the  over  and  under  muscle  estimations  are  influenced  relatively 
little  by  the  amount  of  fat.  Second,  it  will  be  seen  that  in  so  far  as 
over-  and  underweii>lit  is  a  measurement  of  nutritional  status,  the 
relative  jjirth  of  the  limbs  is  a  much  better  criterion  of  luitiitional 
status  than  is  the  relative  amouiit  of  fat.  The  exceedingly  low 
intercorrelations  between  the  over  and  under  muscle  and  the  over 
and  under  fat  w^ould  seem  to  indicate  that  the  estimation  of  the 
relative  amount  of  muscle  was  influenced  but  little  if  any  by  llie 
amount  of  subcutaneous  fat  included  within  the  tai)c. 

RELATIONSHIP  OF  LIMB  OTRTHS  AS  DISTINCT  FROM 
FAT  TO  OVER-  AND  UNDERWEIGHT 

An  attempt  was  made  to  determine  the  influence  of  muscle  on 
under-  and  overweight,  with  the  influence  of  fat  eliminated.  Owing 
to  the  fact  that  adeciuate  fat  measurements  on  the  limbs  were  re- 
stricted to  the  arm,  the  study  was  made  with  the  upper  limb  only. 
The  study  was  limited  to  young  male  adults.  The  resulting  cor- 
relations were  as  follows : 


Xo 

per  cent 

over- 

or  underweight 

X4 

fat,  back  of 

arm 

Xi 

girth  of 

upper 

arm 

X5 

fat,  front 

of 

chest 

x. 

girth  of 

forearm 

-^6 

fat,  back 

of  chest 

Xj 

fat,  froD 

it  of  arm 

X; 

circumference   of  chest 

(corrected 

for  fat) 

C 

orrelation 

Correlation 

rod.M?) 

.493.5 

^l)\2.U56l) 

.2762 

Tod.  58?) 

.3998 

ro2.7 

.4047 

I'od.sise?) 

.4052 

Ro.i:/»i567 

.5338 

rni.7 

.5514 

"0.  JJ5(!/  1:7 

.3325 

r„(=.j4,) 

.3741 

R0.I-/7 

.5706 

To  (=.567) 

.2758 

"0.3156 

.4313 

This  type  of  correlation  may  be  read  as  follows:  rn(i.34;)  is  the 
correlation  betw^een  the  per  cent  over-  or  underweight  and  the  girth 
of  the  upper  arm  with  the  fat  on  the  front  and  the  back  of  the 
arm  and  the  chest  girth  (corrected  for  fat)  held  constant  to  arm 
girth,  but  not  to  over-  and  underweight.  Ro.3456/12-  is  the  correla- 
tion between  over-  and  underweight  and  the  best  weighted  com- 
bination of  variables  3,  4,  5,  and  6  (their  regression  value),  but  with 
variables  1,  2,  and  7  held  constant. 

From  the  correlations  listed  above,  it  will  be  seen  that  the  arm 
and  forearm  girths  correlate   rather  respectably   with   over-   and 
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underweight  when  fat  is  held  constant,  and  that  this  correlation 
is  higher  than  the  multiple  correlation  between  over-  and  under- 
weight and  the  best  weighted  combination  of  all  of  the  fat  measure- 
ments together,  with  arm  girths  held  constant.  It  will  be  seen, 
further,  that  the  two  arm  girths  or  the  upper  arm  girth  alone,  even 
uncorrected  for  fat,  correlate  even  more  highly  with  over-  and 
underweight.  These  are  always,  however,  in  terms  of  deviations 
from  their  expected  values  from  predictions  based  upon  the  chest 
girths,  which,  as  has  been  stated,  seems  to  be  the  one  best  variable 
for  the  prediction  of  normal  muscle  girth.  Even  higher  correla- 
tions may  be  secured  by  using  the  deviations  from  the  normal  as 
computed  from  at  least  one  other  measurement  (usually  the  width 
of  the  elbow  or  of  the  knee). 

These  studies  all  agree  in  pointing  to  the  fact  that  in  so  far  as 
over-  and  underweight  can  be  taken  as  a  criterion  of  physical 
status  —  over-  and  underweight  being  computed  as  from  a  norm 
for  age,  sex,  and  build  —  muscular  development  is  a  more  valuable 
measure  of  physical  status  than  is  fat;  but  both  together  predict 
over-  and  underweight  better  than  does  either  one  alone.  Further, 
over-  and  underweight  is  not  perfectly  predicted  by  both  even  in 
their  best  combination.  This  is  probably  due  to  several  causes. 
First,  the  limited  number  of  measures  used  in  the  estimation  of  fat 
comprise  only  a  partial  sample.  They  measure  only  the  sub- 
cutaneous fat,  and  the  fat,  even  under  the  skin,  is  not  at  all  evenly 
distril)uted  over  the  whole  body.  Second,  the  muscle  girths  are 
those  of  the  limbs  alone  and  neglect  trunk  muscles  entirely. 
Third,  both  muscle  girth  norms  and  norms  for  weight  are  computed 
from  a  smaller  number  of  variables  than  would  be  optimum  for 
exact  scientific  purposes.  This  has  been  done,  however,  in  the 
interests  of  practicality.  It  is  thought  to  be  more  important  to 
produce  standards  that  can  readily  be  used  than  it  is  to  produce 
standards  that  will  be  more  meticulously  accurate  but  be  too  com- 
plicated for  the  teacher,  physician,  and  nurse. 

A  third  study  was  made  on  two  small  groups  of  preschool  chil- 
dren (males,  seventeen  cases;  females,  fifteen  cases).  Careful 
medical  examinations  were  made  on  these  children  by  a  pediatrician 
of  experience.  This  physician  had  })reviously  experimented  with 
methods  of  grading  the  children  semiobjectively  in  both  the  medical 
examination  and  in  his  estimate  of  nutritional  status.     The  blank 
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used  for  the  marking  of  the  various  items  of  the  ratings  on  nu- 
tritional status  is  s]io\\ii  in  tlio  following  tabulation: 

Correlations  of  Doctor's 
Estimate  of  General  Nutritional 
(Status   (Preschool  Ages)   With: 

Over-  or  underweight 


Over  or  under  fat 


Measure- 

ment* 

Males 

Females 

a 

.65 

.66 

b 

.71 

c 

.70 

.44 

a 

.54 

.46 

b 

.36 

.58 

c 

.56 

.61 

a 

.34 

.64 

b 

.54 

c 

.36 

.51 

a 

.69 

.73 

b 

.81 

c 

.82 

.61 

Over  or  under  limb  girths 


Weight,  fat,  and  limb   girths** 

*  a,   b,   and  c   represent   measurements   on    different    dates,   spaced 
about  four  months  apart. 
**  Multiple  correlations 

After  having  filled  this  out,  the  physician  studied  tiie  ratings  of 
each  item,  took  into  account  the  medical  findings  of  the  phy.sical 
diagnosis,  and  then  assigned  a  "total  nutritional  score"  on  the 
basis  of  these  findings.  The  children  were  graded  in  five  categories 
ranging  from  excellent  to  very  poor. 

After  the  children  had  been  measured  by  the  anthropometrists 
of  the  Station,  their  over-  and  underweight  indices,  the  over  and 
under  fat,  and  the  over  and  under  limb  girths  were  computed  (in 
terms  of  percentages  of  the  norm),  and  the  results  were  correlated 
against  the  physician's  ratings.  The  results  are  shown  in  the 
tabulation  below. 

• 

Correlations  of  Doctor's  Subjective  Eatings 

of  Specific  Variables  (Preschool  Ages)  with  Males  Females 

Objective  Measurements  of  the  Same  Variable 

Fat  .64  .44 

Limb  Girths  .47  .51- 

Doctor's  estimate  of  fat  and  doctor's  estimate  of  limb  size    .40  .75 

Doctor's  estimate  of  fat  and  build*  —.07  —.49 

Doctor's  estimate  of  limb  girth  and  build  —.10  —.51 

Corrected  Chest  Girth 
*Build  computed  from    „  •   v^ 
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It  must  be  clearly  understood  that  this  represents  correlations  be- 
tween careful  estimates  and  objective  measurements.  Low  cor- 
relations are  as  apt  to  be  due  to  lack  of  validity  of  the  ratings  of 
the  physician  as  to  lack  of  validity  of  the  measurements.  Franzen 
(17)  found  that  the  average  reliability  of  two  physicians  rating 
the  same  children  was  not  higher  than  .60.  It  is  our  belief  that  the 
validity  of  the  ratings  by  the  physician  i)articipating  in  this  study 
is  relatively  high.  There  is  evidence  that  he  was  not  influenced  by 
body  build  into  overestimating  the  nutritional  status  of  stocky  chil- 
dren and  underestimating  that  of  slender  ones.  There  was  some 
evidence  that  he  was  more  influenced  by  muscular  development 
than  by  the  amount  of  fat  on  the  child.  But  on  the  whole,  the 
internal  evidence  of  the  correlations  tried  with  this  small  group 
would  lead  us  to  believe  that  the  validity  of  his  estimates  would  be 
at  least  as  high  as  .7  or  .8.  Much  of  this  opinion  is  based  upon 
intimate  knowledge  of  the  conditions  of  the  examinations  and  can- 
not be  supported  by  objective  statistical  findings. 

If  this  is  true,  and  if  the  reliability  of  the  physician's  estimates 
is  in  the  neighborhood  of  .80,  then  the  correlations  between  the 
objective  measurements  of  physical  status  (over-  and  underweight, 
over  and  under  fat,  and  over  and  under  muscular  development) 
will  be  lower  than  would  be  represented  by  the  facts.  The  "true 
correlations"  would  be  better  represented  by  correlations  corrected 
for  attenuation,  which  would  be  approximately  30  per  cent  higher 
than  those  in  the  table. 

There  is  no  reason  to  believe  that  there  is  any  larger  validity  of 
the  physician's  estimates  than  there  is  in  tlie  objective  measure- 
ments. Hence,  these  correlations  may  be  thought  to  be  validations 
of  the  doctor's  estimates  as  much  as  validations  of  the  measure- 
ments. Thus  the  high  zero  order  and  multiple  correlations  ob- 
tained with  the  physician's  ratings,  even  though  obtained  on  such 
a  small  sample,  is  indicative  of  the  very  high  validity  of  both 
doctor's  ratings  and  of  the  anthropometric  standards. 

At  the  present,  no  other  studies  of  these  standards  in  comparison 
with  medical  estimates  have  been  made.  Such  studies  should  be 
made  as  soon  as  possible,  and  on  a  comprehensive  scale.  Pending 
such  results,  those  presented  here  may  be  cited  to  indicate  the 
probability  that  these  indices  of  over-  and  underweight  and  the 
relative  amounts  of  fat  and  muscle  have  a  high  degree  of  validity 
as  measurements  of  the  physical  status  of  the  individual. 
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VARIABLES  FROM  Wlliril  TO  PKLDICT 
NORMAL  LBIB  GIRTH 

There  are  at  least  three  possible  ways  in  which  this  iirnblom 
might  be  attacked : 

1.  We  might  correct  each  limb  ineasurcment  lor  lat  by  adding 
or  subtracting  2  pi  times  the  difference  between  the  average  fat 
thickness  on  that  individual's  limb  and  the  average  of  the  homo- 
geneous group.  This  corrected  measurement  might  then  be  i)re- 
dicted  from  corrected  skeletal  measurements  as  is  done  in  the  pre- 
diction of  normal  weight. 

2.  The  limb  might  be  measured  as  a  whole,  fat  and  all,  and  then 
compared  with  standards  computed  from  other  uncorrected  meas- 
urements. 

3.  The  limb  might  be  measured  as  a  whole,  fat  and  all,  and  then 
compared  with  standards  comi)uted  from  uncorrected  measurements 
with  certain  fat  measurements  added  in  the  prediction  equation. 

The  first  of  these  three  possibilities  does  not  seem  to  be  prac- 
ticable. As  we  have  seen  in  Chapter  V,  the  fat  over  the  lower 
limbs  is  usually  too  adherent  to  be  readily  measured.  The  assump- 
tion which  underlies  the  second  possibility  is  that  the  amount  of 
fat  over  the  limbs  is  proportionate  to  that  over  the  parts  used  as 
criterion  measurements  for  predicting  the  girth  of  the  limbs.  This 
is  not  necessarily  true  and  is  most  certainly  not  true  in  the  predic- 
tion of  the  girth  of  the  thigh  in  postadolescent  females,  where  much 
of  the  thigh  girth  is  dependent  upon  the  fat  pads  just  below  the 
hips.  Certainly  the  skeletal  girths  should  not  be  corrected  for  fat 
in  the  prediction  of  the  limb  girths,  as  this  would  simply  turn  the 
measurement  into  one  which  was  primarily  a  measurement  of  fat. 
Therefore,  we  eliminated  the  first  approach  and  experimented 
statistically  with  the  remaining  two. 

In  attempting  to  predict  the  limb  girths,  the  variables  of  height, 
chest  girth,  and  widths  of  hips,  ellww,  and  knee  were  tried.  The 
chest  girth  was  selected  in  preference  to  depth  and  breadth  because 
of  the  fact  that  the  zero  order  correlations  of  chest  girth  with  each 
of  the  limb  girths  were  decidedly  larger  than  those  of  either  depth 
or  breadth.  In  all  ages,  height  immediately  partialled  out.  and  in 
almost  all  ages,  hip  width  was  eliminated  when  chest  girth  and 
either  elbow  or  knee  were  held  constant.  The  computations  were 
made  by  laboriously  but  systematically  trying  one  combination  after 
another  for  each  group.     The  details  of  this  would  be  both  endless 
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and.  boring  if  presented  in  their  entirety.     We  shall  therefore  pre- 
sent only  the  results,  which  are  seen  in  Tables  18  to  20. 

Tabic   18 
Highest  Zero  Order  Correlation  with  Upper  Arm  Girth,  Forearm  Girth, 

Thigh  Girth,  and  Calf  Girth 


Age, 
Years 

A^ariablcs 

Male 

Variables 

Female 

Upper  Arm  Girth 

4         J 

Elbow 

Chest   Circumference 

.5917 
.4692 

Chest    Circumference 

.7299 

5         ] 

Elbow 

Chest   Circumference 

.6178 
.1)077 

Chest   Circumference 

.7776 

fi 

Chest   Circumference 

.7297 

Chest   Circumference 

.7402 

7 

Chest   Circumference 

.6854 

Chest   Circumference 

.82.5?, 

8 

Chest    Circumference 

.7.350 

Chest   Circumference 

.7821 

9 

Chest   Circumference 

.7300 

Chest   Circumference 

.8392 

10 

Chest   Circumference 

.7796 

Chest   Circumference 

.7716 

i 
11 

Chest   Circumference 

.6831 

f  Chest  Depth 

1  Chest   Circumference 

.7180 
.7033 

12 

Chest   Circumference 

.7821 

Chest   Circumference 

.7508 

13 

Chest   Circumference 

.8439 

Chest   Circumference 

.7351 

14 

i 

Chest   Circumference 

.8281 

Chest   Circumference 
(Chest  Depth 

.7698 
.7020 

15 

Chest    Circumference 

.8314 

]  Chest   Circumference 

.6727 

1(5 

Chest   Circumference 

.7450 

Chest   Circumference 

.6177 

17 

Chest   Circumference 

.7838 

Chest   Circumference 

.5307 

IS 

Chest   Circumference 

.7451 

Chest   Circumference 

.7337 

Forearm  Gi 

•th 

*     i 

'Elbow 
Chest   Circumference 

.7487 
.()048 

Chest   Circumference 

.8057 

5 

'Elbow 
Chest   Circumference 

.7027 
.6503 

Chest   Circumference 

.7672 

Chest   Circumference 

.7613 

Chest   Circumference 

.7723 

7 

Chest   Circumference 

.7470 

Chest   Circumference 

.7725 

1 
8 

1 

Chest  Circumference 

.7780 

^  Elbow 
Chest   Circumference 
Chest   Circumference 

.7945 
.7547 

•'      i 

Chest    Circumference 

.6743 

.7979 

10 

Chest   Circumference 

.7827 

Chest   Circumference 

.7913 

11         , 
12 

^Knee 
Chest   Circumference 

.7272 

^Chest  Depth 

.7332 

.7220 

1  Chest   Circumference 
Chest   Circumference 

.7283 

Chest   Circumference 

.7881 

.7868 

1.3 

Chest    Circumference 

.8880 

J  Elbow 

]  Chest   Circumference 

.7726 
.6975 
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Tabic  18   (Continuod) 
Highest  Zero  Order  Cnrrolation  with  Upper  Arm  Girth,  Forearm  Girth, 

Thigh  Girth,  and  Calf  Girth 


Age, 
Years 

Variables 

Male 

Variables 

Female 

Forearm  Girth 

14 

Chest 

Circumference 

.8289 

fElbow 

\  Chest    Circumference 

Elbow 
/Chest   Circumference 

.7323 
.6535 

15 

Chest 

CircMiiiiferonce 

.8i;?i 

.  .6094 
.5603 

16 

Chest 

Circumference 

.74(;0 

Chest   Circumference 

.5439 

17 

Chest 

Circumference 

.7591 

f Chest  Width 

1  Chest   Circumference 

.4295 
.3276 

18 

Chest 

Circumference 

.6729 

Chest   Circumference 

.6932 

Th 

igh  Girth 

4 

Chest 

Circumference 

.6164 

Chest   Circumference 

.8128 

5 

fKnee 
1  Chest 

Circumference 

.7251 

.6887 

Chest    Circumference 

.7974 

6 

Chest 

Circumference 

.7526 

Chest   Circumference 

.7696 

7 

Chest 

Circumference 

.7133 

Chest   Circumference 

.7847 

8 

Chest 

Circumference 

.7388 

Chest   Circumference 

.8241 

9 

Chest 

Circumference 

.7687 

Chest   Circumference 

.8100 

10 

Chest 

Circumference 

.8404 

Chest  Circumference 

.7617 

11 

Chest 

Circumference 

.7362 

Chest   Circumference 

.7910 

12 

Chest 

Circumference 

.7917 

Chest   Circumference 

.7799 

13 

Chest 

Circumference 

.8()00 

^Hips 

) Chest   Circumference 
Chest   Circumference 

.7227 
.6697 

14 

Chest 

Circumference 

.8149 

.8994 

15 

Chest 

Circumference 

.8188 

Chest  Depth 
Iche.st   Circumference 

.6701 
.5696 

1(3 

Chest 

Circumference 

.7765 

V 

Chest   Circumference 

.5676 

17 

Chest 

Circumference 

.8275 

^Chest  Width 
1  Chest   Circumference 
Chest   Circumference 

.6618 
.5.595 

IS 

Chest 

Circumference 

.7314 

.7255 

Calf  Girth 

4 

^Elbow 
|Chest 
Chest 

.8044 

pibow 

.7228 

Circumference 

.4976 

1  Chest   Circumference 

.7116 

5 

Circumference 

.7069 

Chest   Circumference 

.7987 

6 

Chest 

Circumference 

.7788 

Chest    Circumference 

.8309 

7 

fKnee 

1  Chest 

Chest 

Circumference 

.6617 
.6478 

Chest   Circumference 

.8288 

8 

Circumference 

.7477 

Chest   Circumference 

.7825 

9 

Chest 

Circumference 

.6495 

Chest   Circumference 

.7041 
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Table  18   (Continued) 

Highest  Zero  Order  Correlation  with  Upper  Arm  Girth,  Forearm  Girth, 

Thigh  Girth,  and  Calf  Girth 


Age, 

Years 

Variables 

Male 

A'ariables 

Female 

Calf  Girth 

10 

Chest 

Circumference 

.8073 

Chest 

Circumference 

.7251 

11 

(Knee 
j  Chest 

Circumference 

.6894 

.6885 

Chest 

Circumference 

.7309 

12 

fKnee 
)  Chest 

Circumference 

.7899 
.7594 

Chest 

Circumference 

.7234 

13 

V 

Chest 

Circumference 

.8423 

fKnee 
1  Chest 

Circumference 

.7267 
.6635 

14 

Chest 

Circumference 

.8039 

Chest 

Circumference 

.6402 

15 

(Knee 

.7899 

fKnee 

.6714 

1  Chest 

Circumference 

.7394 

1  Chest 
f  Knee 
j  Chest 

Circumference 

.487C 

16 

Chest 

Circumference 

.6753 

Circumference 

.6437 
.4722 

17 

fKnee 

.6853 

fChest 

Width 

.5799 

{  Chest 

Circumference 

.6335 

j  Chest 

Circumference 

.4423 

18 

Chest 

Circumference 

.5608 

fKnee 
)  Chest 

Circumference 

.6465 

.5787 

It  will  be  seen  that  in  almost  all  ages  chest  girth  is  the  one  best 
measurement  for  the  prediction  of  all  of  the  muscle  girths.  Where 
two  measurements  are  used,  in  most  instances  it  will  be  chest  girth 
and  elbow  width  for  the  prediction  of  the  girths  of  the  upper  limbs 
and  chest  girth  and  knee  width  for  the  prediction  of  the  girths  of 
tlie  lower  limbs.  Where  there  are  exceptions  to  this  rule,  it  will 
be  seen  that  these  values  are  very  close,  usually  wdthin  one  probable 
error  of  the  multiple  correlation.  The  third  set  of  measurements 
includes  a  fat  measurement.  The  relative  values  of  these  may  be 
seen  by  comparing  their  multiple  correlations. 

The  correlations  with  the  three  skeletal  variables  were  also  com- 
puted. The  addition  of  a  third  variable  very  seldom  increased  the 
multiple  correlation  more  than  .01.  When  the  best  two  were  com- 
bined wdth  the  best  fat  measurement,  the  multiple  correlation  was 
frequently  increased  appreciably  (from  .04  to  .10),  but  the  influence 
was  not  at  all  consistent,  and  the  "best"  fat  variable  seemed  to 
have  no  logical  relationship  to  the  girth  measured,  as  for  instance, 
the  chest  fats  might  be  much  superior  to  the  arm  fats  for  predicting 
arm  girth.  We  have  therefore  decided  to  use  only  skeletal  meas- 
urements as  being  safer  guides  to  relative  nutritional  status. 
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CHAPTER  VII 
BREATHING  CAPACITY 

By  breathing  ca])afity  is  meant  the  measured  amount  of  air  Hint 
an  individual  can  breathe  out  by  forced  exhalation  loHowing  as 
full  an  inhalation  as  it  is  possible  for  him  to  take.  This  has  also 
been  called  in  the  literature  "lung  capacity,"  and  "vital  capacity." 
The  first  term,  lung  capacity,  seems  to  us  a  misnomer  because  this 
measurement  does  not  determine  the  capacity  of  the  lungs,  for  after 
the  complete  exhalation  there  is  still  left  the  residual  air  which  can- 
not be  exhaled.  The  term  "vital  capacity"  is  quite  meaningless  and 
misleading  and  is  based  upon  questionable  assumptions.  What  is 
really  meant  is  the  amount  of  air  that  can  be  breathed  out ;  hence  we 
have  selected  for  use  the  term  adopted  by  Dr.  Bird  T.  Baldwin,  first 
director  of  the  Iowa  Child  Welfare  Research  Station,  the  "breathing 
capacity  of  the  lungs.  "^^ 

The  breathing  capacity  has  long  been  used  as  one  measure  of 
physical  status.  The  validity  of  the  crude  measurement  as  a  meas- 
ure of  physical  fitness,  however,  has  not  been  ver,y  well  established. 
At  the  present  time  the  use  oC  breathing  capacity  as  a  valid  and 
effective  measurement  of  pliysieal  status  partakes  as  much  of  the 
nature  of  a  problem  as  of  that  of  a  determined  standard. 

Attempts  have  been  made  to  use  breathing  capacity  for  the  fol- 
lowing purposes: 

1.  To  measure  the  relative  physical  robusticity.  The  fact  that 
outdoor  workers  and  athletes  have  a  larger  average  breathing  ca- 
pacity than  do  sedentary  workers  and  nonathletes  has  been  thought 
to  be  of  significance. 

2.  To  indicate  the  presence  of  potential  or  actual  disease:  for 
this  purpose  a  subnormal  standard  has  been  proposed.  All  cases 
falling  below  that  standard  are  classed  as  medically  suspicious 
(Campbell  (8),  Myers  (3-1),  Turner  (43)).  The  use  of  breathing 
capacity  as  an  indication  of  relative  recuperation  from  certain  dis- 
eases has  also  been  substantiated  (McCloy  (25)). 

3.  To  measure  relative  physical  adequacy.  This  differs  from  the 
first  use  in  that  it  attempts  to  measure  not  active  physical  perform- 


15  The  history  of  the   studies  in  vital  capacity  and   of   tlie   uses   of  the   lueasureinents   of 
vital  capacity  can  be  found  in  Meyers,  Vital  Capacity  of  the  Lungs  (34). 
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ance  ability  or  potentiality  but  exuberance  or  excesses  of  potential 
health.  It  is  the  opposite  of  using  breathing  capacity  as  a  predictor 
of  actual  or  potential  diseases  (Turner  (43)). 

To  utilize  this  measurement  for  either  of  the  purposes  stated 
above,  several  important  considerations  must  be  kept  in  mind. 

1.  The  measurement  must  be  accurate.  It  is  at  this  point  that 
much  of  the  disappointment  in  the  use  of  breathing  capacity  has 
centered.  The  necessary  precautions  for  insuring  accuracy  are 
discussed  in  Chapter  IX. 

2.  The  standard  or  normal  breathing  capacity  should  be  one  that 
is  fair  to  the  individual.  The  various  studies  in  this  field  have 
seemed  to  indicate  that  a  weighted  combination  of  age,  height,  and 
weight  is  superior  to  any  other  simple  and  practicable  combination 
of  measurements.  The  standards  for  computing  normal  breathing 
capacity  have  been  presented  in  another  Station  publication  (21). 

Various  authors  have  proposed  the  surface  area  of  the  body  (as 
computed  from  height  and  weight  by  the  DuBois  formula  (15))  as 
a  basis  for  estimating  normal  breathing  capacity.  Studies  includ- 
ing this  variable  have  shown  that  it  has  no  advantages  over  other 
combinations  of  height  and  weight  and  is  based  on  o  priori  assump- 
tions that  have  not  been  validated. ^"^ 

Where  the  normal  weight  of  the  individual  is  available  (as  com- 
puted from  skeletal  measurements  after  the  method  suggested  in 
Chapter  III),  this  should  be  substituted  for  weight  in  all  formulae 
for  computing  breathing  capacity.  The  reason  for  this  is  that  the 
normal  weight  gives  a  measurement  of  the  body  as  it  should  be,  for 
which  size  of  body  the  lungs  should  be  adapted.  Additional  fat 
piled  up  on  the  outside  does  not  in  any  way  aifect  the  size  of  the 
thoracic  cavity.  In  eases  of  obesity,  the  norm  for  lung  capacity  as 
predicted  from  actual  weight  will  be  far  too  high.  On  the  other 
hand,  when  the  norm  is  predicted  from  weight  that  is  decidedly 
below  standard,  the  result  is  too  low  and  is  apt  to  give  a  spurious 


16  This  assumption  is  that  the  breatliing  capacity  should  be  perfectly  correlated  with 
the  surface  area  of  the  body  because  of  the  belief  that  the  metabolism  of  the  body  is 
almost  perfectly  correlated  with  the  surface  area.  This  belief  is  based  upon  the  assump- 
tion that  the  metabolic  rate  is  determined  largely  by  the  amount  of  heat  radiated  by  the 
body,  which  is  in  turn  determined  by  the  amount  of  area  exposed  to  the  air.  There  is 
very  little  factual  evidence  to  support  this  belief  other  than  that  there  is  a  fairly  high 
correlation  between  surface  area  and  basal  metabolism,  as  there  is  between  surface  area 
and  breathing  capacity.  Benedict  and  Carpenter  in  The  Metabolism  and  Energy  Trans- 
fornuitions  of  IlcaUhy  Man  During  Rest  (5)  have  shown  higher  correlations  with  mul- 
tiple regression  weightings  of  height  and  weight  and  metabolism  than  they  found  between 
surface  area  and  metabolism.  Kelly  (21)  has  found  the  same  to  be  true  for  breathing 
capacity. 


Hoi^lit  ami 
etual  Weight 

Height  and 
Normal  Weight 

.761 

.791 

.74fi 

.770 

.8(31 

.858  - 

.540 

.556 

.599 

.838 

.452 

.458 
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confidenec  in  the  physiological  adequacy  oi"  a  subnormal  breathing 
capacity.^^ 

The  multiple  correlations  obtained  from  correlating  breathing 
capacity  from  height  and  normal  weight  as  contrasted  with  h('i<.dit 
and  actual  weight  have  been  obtained  for  only  three  age  groups  of 
males  and  females.    The  correlations  obtained  ai-e  as  follows: 

Ago, 
Group 
Twelve-year-old  males 
Twelve-year-old  females 
Fifteen-year-old   males 
Fifteen-year-old  females 
Eightccn-year-old  males 
Eighteen-year-old  females 

Various  attempts  have  been  made  to  ascertain  whether  or  not 
other  measurements  might  be  added  to  those  of  age,  height,  and 
weight  for  the  purpose  of  more  accurately  predicting  breathing 
capacity.  P"'or  this  purpose  multiple  correlations  were  computed 
between  breathing  capacity  and  various  multiple  regression  weight- 
ings of  combinations  of  height,  weight,  chest  girth,  hip  width,  widths 
of  elbow  and  shoulder,  and  in  some  other  studies  done  elsewhere 
than  in  this  Station,  with  a  number  of  other  measurements  as  well. 
The  results  have  been  somewhat  conflicting,  but.  in  general,  have 
not  been  of  such  a  nature  as  to  warrant  adding  any  other  measures 
than  height  and  weight  to  the  formula  for  computing  breathing  ca- 
pacity for  any  one  age.  Detailed  results  on  some  of  these  studies 
are  presented  in  Table  21  and  in  the  following  tabulation : 

Multiple  Correlations   of   Breathing  Capacity   and  Condiinations   of   Other 
Variables   (From  "fit"  adults  of  the  British 
army   air  force*) 
Breathing  capacity  and: 

Height  and  weight  .6222 

Height  and  chest  girth  .6246 

Height  and  shoulder  width  .6139 

Height,  chest  girth,  and  weight  .6283 

Height,  shoulder  width,  and  weight  .6367 

Height,  shoulder  width,  and  chest  girth  .6392 

Height,  shoulder  width,  chest  girth,  and  weight  .6423 

*  Cripps,  Greenw^ood,  and  Newbold  (12) 

17  If  it  is  desired  to  compute  normal  breathing  capacity  from  age,  height,  and  weight 
without  computing  the  normal  weifrht,  the  best  thing  to  do  is  to  estimate  as  nearly  as 
possible  from  the  actual  weight  and  the  appearance  of  the  individual  wliat  his  normal 
weight  should  be.  This,  of  course,  will  be  important  only  in  the  two  extremes  of  over- 
and  underweight,  and  the  work  of  measurement  and  computations  necessary  to  obtain 
normal  weight  would  not  be  justified  for  the  purpose  of  computing  noitnal  breathing 
capacity  alone. 
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Table  21 
Multiple  Correlations  of  Breathing  Capacity  and  Combinations  of 

Other  Variables 


Corre- 
lation* 

Males 

Females 

10 
Years 

12 

Years 

14 

Years 

18  to  20 
Years 

10 
Years 

12 
Years 

13 
Years 

18  to  20 
Years 

ll 0.123456 

.687 

.870 

.816 

.666 

.765 

.747 

.728 

.513 

-^^0.12345 

.H87 

.867 

.815 

.661 

.760 

.746 

.728 

.510 

-1^0.1234 

.678 

.844 

.814 

.661 

.760 

.746 

.724 

.491 

Ro.I23 

.669 

.839 

.801 

.660 

.759 

.746 

.724 

.480 

E(1.12 

.659 

.824 

.800 

.599 

.722 

.743 

.722 

.452 

ro2 

.65.3 

.799 

.783 

.506 

.697 

.719 

.692 

.388 

l-nl 

.521 

.378 

Eo.C3 

..540 

.423 

*  The  following  is  the  key  to  be  used  with  this  table: 

X(|   =  Breathing   Capacity  x^  =    Shoulder   Width 

X,    =  Weight  "  X5  =   Hip  Width 

X,   =  Height  X,  =   Width   of   Elbow 

X3   =  Chest  Girth 

In  all  Init  the  18  to  20  year  old  men,  height  correlated  higher  than 
any  single  variable.  In  this  group,  weight  and  chest  girth  were  slightly 
higher;  but  the  weight-height  multiple  correlation  was  larger  than  that 
of  weight  anil  chest. 

It  should  be  pointed  out  that  almo.st  all  of  the  measurements  used 
for  the  prediction  of  l)reathing  capacity  are  the  standard  anthropo- 
metric measurements  of  the  type  that  are  usually  thought  of  as 
skeletal  measurements  and  have  not  been  chosen  particularly  for 
their  probable  adecjuacy.  It  should  be  clear  that  the  breathing  ca- 
pacity is  not  equivalent  to  the  volume  of  the  thoracic  cavity.  In 
addition  to  the  fact  that  this  volume  is  occupied  by  varying  amounts 
of  other  visceral  organs,  the  amount  of  air  that  can  be  exhaled  in  a 
forced  exhalation  is  probably  as  much  dependent  upon  the  contract- 
ability  of  the  thorax  as  upon  its  size.  This  contractability  may  as 
well  be  due  to  the  relative  slant  of  the  ribs  from  the  spine  as  to  its 
miuscular  and  ligamentous  elasticity.  Further  attempts  to  measure 
the  size  of  the  thorax  have  so  far  omitted  all  reference  to  vertical 
measurements  of  the  thorax  itself.  It  should  not  surprise  us,  there- 
fore, that  the  correlation  between  the  prediction  equations  and 
breathing  capacity  is  relatively  low.  To  date,  no  really  adequate 
study  of  this  field  has  been  presented. 

In  view  of  the  results  presented  in  the  table,  it  is  felt  that  since 
height  and  weight,  when  properly  combined  in  a  regression  formula 
for  each  age,  predict  the  breathing  capacity  with  an  accuracy  that 
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differs  but  slightly  iroiii  tliat  ulMaiucd  wlii'ii  other  antlii'ijpuiiu'lric; 
measurements  are  added  to  the  formula,  tlio  addition  of  such  other 
measurements  would  not  l)e  justified  from  an  administrative  point 
of  view.  Until  further  researches  wliicli  lake  into  account  other 
kinds  of  variables  demonstrate  that  more  complicated  i)rocedures 
present  improved  methods  of  computing  the  normal  breathing  ca- 
pacity, it  is  recommended  that  the  norm  be  comjjuted  from  height 
and  normal  weight,  or  where  normal  weight  is  not  available,  from 
height  and  ai)j)roximated  normal  weight,  or  from  height  and  actual 
weight.     Standards  for  this  are  found  in  Kelly's  study. 


CHAPTER  VIII 

MEASUREMENTS  SELECTED  FOR  EVALU- 
ATING PHYSICAL  STATUS 

A  summary  of  the  findings  of  the  preceding  eliapters  is  in  order 
for  the  purpose  of  malting  clear  the  measurements  indicated  for 
the  evaluating  of  physical  status  from  anthropometric  methods 
alone. ^^ 

I.     Measurements   for   Determining   Normal   Weight   and   the   Percentage 
Deviation  from  Normal  Weight 

1.  Weight 

2.  Total  height 

3.  Chest  circumference,  measured  at  the  level  of  the  base  of  the 
xiphoid  cartilage  (corrected  for  deviations  from  the  average  of 
fat  and  subcutaneous  tissue) 

4.  Width  of  the  hips  at  the  crests  of  the  ilia  (corrected  for  devia- 
tions from  the  average  amount  of  fat  and  subcutaneous  tissue) 

5.  Width  of  the  knee  at  the  epicondyles 

II.  JVIeasurements  for  Determining  the  Eelative  Amount  of  Subcutaneous 
Fat  on  the  Body  and  for  the  Secondary  Purpose  of  "Correcting" 
Chest  Circumference  and  Hip  Width 

1.  Arm  front 

2.  Arm  back 

These  two  measurements  are  to  be  taken  only  if  the  following 
measurements  may  not  be  taken  because  the  subjects  cannot 
be  measured  without  clothing. 

3.  Chest  front 

4.  Chest  back 

These  two  measurements  are  used  to  correct  chest  girth  for  de- 
viations from  the  average  amount  of  fat. 

5.  Supra-iliac 

This  measurcinont  is  used  to  correct  hip  width  for  fat  for  de- 
viations from  the  average. 

6.  Abdominal  (midway  between  nipple  and  umbilicus) 

7.  Hip  difference 

This  is  not  taken  with  the  skin  calipers,  but  is  the  difference 
betvpeen  the  hip  width  at  the  trochanters,  taken  without 
pressure,  and  the  hip  width  at  the  crests  of  the  ilia,  corrected 
for  fat. 


18  Details   of   the   techniques   used    for   the   taking   of    these  measurements   are   given   in 
Chapter  IX. 
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III.  Measurements  for  the  Purpose  of  Determining  the  Actual  Limb  Girths 
and  Norms  for  Limb  Girths  (for  Determining  Muscular  Development) 

1.  Girth  of  upper  arm 

2.  Girth  of  forearm 

3.  Girth  of  thigh 

4.  Girth  of  calf 

These  measurements  are  used  to  measure  the  actual  size  of  the 
limb  at  the  point  where  the  greatest  amount  of  muscle  is  in- 
cluded within  the  tape. 

5.  Width  of  elbow  at  the  epicondyles  of  the  humerus 

6.  Width  of  knee  at  the  epicondyles  of  the  femur 

7.  Girth  of  chest  at  the  level  of  the  xiphoid  cartilage 

These  last  three  measurements  are  used  for  the  purpose  of  de- 
termining normal  or  standard  limb  girth. 

IV.  Measurement  of  the  Lungs 

1.  The  breathing  capacity,  or  the  total  amount  of  air  which  can  be 
exhaled  into  a  spirometer  after  a  maximum  inhalation 

For  the  purpose  of  determining  the  standard  breathing  capacity 
the  height  and  weight  seem  at  the  present  time  to  be  the  most 
practical  measurements  to  use.  As  is  indicated  in  Chapter  VII, 
however,  the  chest  circumference  in  some  age  groups  adds  definitely 
to  the  predictive  value  of  height  and  weight.  These  measurements 
are  all  included  in  the  ones  used  for  determining  what  is  noi-mal  or 
standard  weight. 

V.     Supplementary  Measurements 

1.  Depth  of  chest  at  the  level  of  the  xiphoid  cartilage 

2.  Width  of  chest  at  the  level  of  the  xiphoid  cartilage 

These  measurements  are  useful  in  a  very  small  number  of  cases 
for  the  purpose  of  "correcting"  the  chest  girth  in  such  persons  as 
have  exceedingly  fiat  or  exceedingly  barrel  shaped  chests.  The 
measurements  are  of  very  limited  usefulness  and  may  well  be  omit- 
ted in  routine  measurements.     (See  Chapter  IV) 

VI.     Indices  of  Body  Build 
WeightVa 


2. 


Height 

Chest  Circumference 


Height 

In  the  light  of  our  present  researches  from  the  standpoint  of 
evaluating  physical  status,  these  measurements  seem  to  be  all  that 
are  really  useful,  at  least  in  view  of  the  limitations  imposed  by  the 
demand  for  economy  in  time  in  almost  all  school  and  other  institu- 
tional situations.  Detailed  standards  for  applying  these  measure- 
ments will  be  published  in  Volume  II  of  this  scries. 


CHAPTER  IX 

landmarks  and  techniques  of  meas- 
ure:\ient  used  in  these  studies 

Techniques  of  measurement  in  physical  anthropology  differ  wide- 
ly throughout  the  world  in  spite  of  the  number  of  attempts  made 
to  standardize  them.  In  1912  a  commission  of  the  Fourteenth 
International  Congress  of  Prehistoric  Anthropology  and  Archaeol- 
ogy presented  a  report  which  was  adopted  by  the  Congress  and 
termed  The  hiternational  Agreement  for  ike  Vnificniion  of  the 
Anthropometric  Measurements  to  Be  Made  on  the  Living  Subject. 
(20)  This  report,  however,  is  extremely  indefinite  in  many  parts 
and  is  as  much  honored  in  the  breach  as  in  the  observance  by 
anthropologists  generally. 

Furthermore,  these  measurement  standards  were  devised  for  the 
physical  anthropologists  wlio  were  concerned  primarily  with  the 
comparison  of  bodily  dimensions  of  the  classes  and  races  of  man- 
kind, Avho  made  no  attempt  to  allow  for  differences  in  relative  fat- 
ness of  the  body  (fat  measurements  are  not  included  in  those  tech- 
niques), and  who  were  not  in  the  least  interested  in  the  determina- 
tion of  the  physical  status  of  the  measured.  For  the  purposes  of 
this  Station  and  of  anthropometrists  in  general  who  wish  to  study 
minute  differences  of  physical  status,  a  more  rigid  standardization 
of  techniques  is  needed. 

In  the  set-up  of  this  study  a  careful  investigation  was  made  of 
techniques  employed  in  the  various  institutions  of  this  kind  in  this 
country  as  well  as  of  the  published  accounts.  The  international 
Agreement  (20,  p.  10-33)  and  the  methods  pursued  by  Rudolf 
]\[artin  (30)  were  studied  most  carefully  and  conferences  were  held 
with  a  number  of  anthropologists  in  this  countiy  who  were  in- 
terested in  the  problem  of  measurement  for  the  estimation  of  phys- 
ical condition.  Certain  modifications  were  made  in  the  commonly 
used  techniques,  and  the  methods  finally  adopted  are  herewith  pre- 
sented. Where  they  differ  from  those  commonly  accepted,  or  where 
these  present  a  technique  which  is  not  accurately  indicated  in  the 
literature,  the  reasons  for  the  same  are  given. 

Before  the  techniques  are  discussed,  the  landmarks  used  and  the 
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instruments  emplo.ycd  must  first  ])(■  listcil  and  descriljcd.  The  land- 
marks and  instruments  indicated  include  only  those  employed  in 
taking  measurements  which  have  been  discussed  in  this  study. 

LANDMAKKS 

The  following  landmarks  are  described : 

1.  Vertex:  This  is  the  highest  point  of  the  ci-own  of  the  head 
when  the  individual  is  standing  with  the  head  in  position  for 
measurement.     (See  4  below) 

2.  Tragion  :  This  is  the  spot  at  the  top  of  the  small  cartilaginous 
flap  on  the  anterior  border  of  the  junction  of  the  face  and  the  car 
just  in  front  of  the  ear  canal. 

3.  Orbitale :  This  is  the  i)oint  at  the  lowest  border  of  the  orbit 
of  the  eye.  If  one  feels  through  the  skin  along  the  lower  bony 
orbit,  a  small  notch  just  below  the  center  of  the  eye  will  l)e  found. 
This  marks  tlie  i)osition  of  the  orbitale. 

4.  Frankfort  plane:  This  is  a  plane  which  runs  througii  tlie 
tragion  and  orbitale  of  the  two  sides.  In  measurements  of  heights, 
this  plane  should  be  parallel  to  the  ground. 

5.  Acromion:  This  is  the  outermost  border  of  the  acromion  pro- 
cess of  the  scapula.  In  locating  this  |)()int  in  those  who  are  corpu- 
lent, the  examiner  will  be  aided  by  iunnin<i  his  finger  along  the 
lower  border  of  the  spine  of  the  scapulae  out  around  to  the  outer- 
most edge.  The  landmark  should  be  located  at  the  point  of  the 
skin  directly  above  the  outer  border  of  the  acromion. 

6.  Thelion:  On  prepubescent  children  and  adult  males  this  is 
the  middle  point  of  the  nipple.  On  post-pubescent  females,  in 
whom  the  breast  may  have  descended  somewhat,  this  landmark  is 
in  the  sagittal  plane  of  the  nipi)le,  but  the  horizontal  plane  is  at 
the  upper  border  of  the  fourth  chondro-sternal  articulation. 

7.  Omphalion  :  This  is  the  umbilicu:;. 

8.  Abdominal:  Tliis  is  the  })oint  midway  between  thelion  and 
omphalion  which  is  used  for  the  so-called  al)dominal  measurement 
of  subcutaneous  fat. 

9.  Xiphoid:  The  xiphoid  cartilage,  when  present,  is  just  below 
the  lower  end  of  the  sternum  and  can  be  ])al})ated  in  most  males, 
though  it  is  missing  in  many  females.  The  tape  is  passed  over 
about  the  middle  part  of  the  body  of  the  xiphoid  cartilage,  or  the 
place  W'here  the  xiphoid  would  be  if  ])resent. 

10.  Ilio-cristale :  This  is  tiie  widest  part  of  the  crests  of  the  ilia 
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at  the  point  tangent  to  the  flat  calipers  when  the  planes  of  the 
blades  of  the  calipers  are  parallel  to  the  sagittal  plane. 

11.  Trochanterion :  The  most  lateral  part  of  the  greatest  tro- 
chanter of  the  femur.  If  difficulty  is  found  in  palpating  for  this 
landmark,  it  will  usually  be  found  just  below  the  level  of  the  pubis. 
If  it  is  still  palpable  with  difficulty,  ask  the  subject  to  press  his 
legs  together,  thus  relaxing  the  abductor  muscles  of  the  thighs  and 
making  the  upper  border  of  the  trochanters  more  prominent. 

12.  Epicondyles  of  the  elbow :  This  is  the  v;idest  part  of  the 
humerus  at  the  elbow.  In  locating  this  landmark,  the  elbow  should 
be  bent  at  approximately  a  right  angle  in  order  to  remove  the 
muscle  masses  of  the  extensors  of  the  wrist  from  under  the  calipers. 
The  muscles  of  the  arm  should  be  relaxed. 

13.  Epicondyles  of  the  knee :  This  is  the  widest  part  of  the 
femur  at  the  knee.  In  locating  this  landmark,  the  knee  should  be 
bent  from  45  degrees  to  90  degrees  in  order  that  the  hamstring 
muscles  may  not  project  out  past  the  epicondyles. 

14.  Radiale :  This  is  the  notch  just  at  the  upper  end  of  the 
radius,  between  the  radius  and  the  humerus.  It  is  most  easily 
found  just  below  the  level  of  the  most  prominent  part  of  the  ole- 
cranon process,  and  in  the  depression  between  the  most  prominent 
part  of  the  ulna  and  the  extensor  muscles  of  the  forearm. 

The  description  of  measurements  below  will  give  the  level  and 
place  of  other  measurements  which  are  not  located  over  definite 
anatomical  landmarks,  but  which  are  given  in  relationship  to  land- 
marks on  other  parts  of  the  body. 

INSTRUMENTS 

The  following  instruments  are  used: 

1.  Broca  plane:  This  is  a  vertical  board  about  18  inches  wide, 
fixed  at  right  angles  to  a  horizontal  board  at  the  bottom  and  extend- 
ing upward  from  the  horizontal  board  at  least  2  metei's.  To  this 
plane  is  attached'  a  measuring  scale.  At  the  Iowa  Child  Welfare 
Research  Station  a  paper  measuring  scale  is  used.  This  scale  con- 
sists of  a  strip  of  the  best  type  of  inextensible  and  unshrinkable 
heavy  paper  2  meters  long  and  I2V2  centimeters  wide,  with  metric 
divisions  on  the  right  edge  of  the  scale  in  millimeters  and  English 
divisions  on  the  left  edge  of  the  paper  in  inches  and  tenths  of 
inches.  Where  the  wall  is  an  absolutely  smooth  plane  without  a 
baseboard  and  at  right  angles  to  tiie  floor,  this  may  be  used  as  the 
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plane.  A  scale  can  be  coiivenienlly  made  by  countersinking  two- 
meter  sticks  into  the  wall  or  i)lane.  If  Eni>lish  eciiiivalents  are  de- 
sired, yard  sticks  may  be  sunk  into  the  wall  beside  the  meter  sticks. 
This  type  of  plane  has  a  number  of  advantajjes  over  the  fixed 
rod  or  stadiometer  in  that  it  is  more  solid  and  gives  more  points 
for  fixation  of  the  body.  It  i)resents  a  still  further  advantage  over 
the  anthroi)ometer,  which  offers  difficulty  both  in  standardizing 
the  standing  position  and  in  keeping  the  instrument  absolutely 
vertical. 

2.  Square:  The  square  consists  of  two  pieces  of  seasoned  wood 
(preferably  walnut,  buttonwood,  or  plywood)  18  centimeters  by  13 
centimeters,  joined  at  right  angles.  Within  the  angle  on  the 
median  line  of  the  tw^o  planes  is  a  narrow^  strip  5  millimeters  thick, 
in  which  is  cut  an  opening  through  which  the  hand  may  be  inserted. 
The  size  of  the  square  may  vary  a  little  from  the  above  dimensions. 

3.  Measuring  board  for  infants:  Figure  4  shows  a  measuring 
scale  for  determining  the  reclining  length  (crown-heel)  and  the  re- 
clining sitting  height  (crown-rump)  for  infants.  It  was  designed 
by  Professor  Bird  T.  Baldwin  and  made  in  the  inamial  training 
shop  of  the  University.  The  scale  is  1  meter  in  length  with  an  ad- 
ditional margin  of  4.5  centimeters  at  one  end.  The  width  is  20.5 
centimeters,  with  a  standardized  buttonwood  millimeter  scale  on 
one  side  and  an  inch  scale  on  the  other.    The  vertical  plane  (a)  for 
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Figure  i.     Measuring  Board  for  Infants 


the  top  of  the  head  to  rest  against  is  15  centimeters  at  its  greatest 
height,  and  the  sliding  vertical  plane  (b)  is  attached  to  a  bra^s  rod 
(e)  which  moves  freely  in  a  brass  groove  in  such  a  manner  that  the 
reading  may  be  taken  from  either  scale.  The  board  is  made  of 
inlaid  walnut  and  buttonwood  or  plywood,  and  the  standards  on 
which  it  rests  when  in  contact  with  the  table  are  covered  with  heavy 
felt.    The  scale  is  accurate  and  portable. 

4.  Bench :  This  is  used  for  the  measurement  of  sitting  height. 
It  must  be  made  of  thoroughly  seasoned  wood  to  prevent  its  warp- 
ing and  changing  height  from  time  to  time.  Several  benches  will 
need  to  be  prepared  for  different  sizes  of  children.  For  the  small- 
est children,  the  bench  should  be  30  centimeters  high  by  30  centi- 
meters square.  For  somewhat  larger  children  a  bench  40  centi- 
meters high  by  40  centimeters  square  should  be  used,  and  for  adults 
a  50  centimeter  bench  is  desirable,  although  the  40  centimeter  bench 
may  be  used  in  the  majority  of  cases.     (Figure  5) 

5.  Large  sliding  flat  calipers:  This  is  made  of  a  hollow  rod  70 
centimeters  long,  2.2  centimeters  broad,  and  .8  centimeter  thick  made 
of  well  nickeled  and  welded  brass  strips  and  of  aluminum  branches 
26  centimeters  long  (in  the  free)  and  3.5  centimeters  broad.  The 
Hrdlicka  compass  made  in  Washington,  D.  C.  for  the  Station  has 
been  tested  by  the  Bureau  of  Standards.  This  compass  has  been 
made  also  by  Collin  in  Paris.  It  may  be  secured  from  Dr.  Ales 
Hrdlicka,  Washington,  D.  C.  or  from  various  instrument  houses. 

This  metal  caliper  is  light,  very  serviceable,  durable,  and  accurate. 
It  is,  however,  quite  expensive.  A  number  of  wooden  calipers  are 
available,  but  these  are  subject  to  more  inaccuracies  unless  the 
measurements  are  taken  much  more  carefully,  as  the  wooden  arm 
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Figure  5.     Bench 

springs  more  freely  than  does  the  metal  arm,  and  these  instruments 
are  in  some  cases  apt  to  warp.  If,  because  of  the  expense,  the 
wooden  caliper  mnst  be  used,  it  should  be  ordered  subject  to  ap- 
proval after  being  tested  and  should  be  checked  from  time  to  time 
for  accuracy  by  measuring  some  solid  substance  of  known  widtli. 

6.     Tapes:   Standard  millimeter  steel  tapes  should  be  used.     The 
linen  tapes  sometimes  u.secl  are  entirely  satisfactory  as  long  as  they 


Figure  6.  This  illustration  shows  the  large  sliding  calipers,  a  pair  of 
small  sliding  calipers  for  taking  face  measurements,  and  a  pair  of 
curved  calipers  for  measuring  the  diameter  of  the  head. 
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do  not  shrink,  and  they  have  the  advantage  of  not  being  cold  to  the 
skin.  If  these  are  used,  they  should  be  tested  daily  throughout  the 
measurement  time  for  shrinkage.  Experience  with  linen  tapes  in 
this  Station  has  been  unsatisfactory,  as  shrinkage  has  been  found 
to  be  very  common. 

Some  tapes  are  made  with  a  spring  attachment  at  one  end  for  the 
purpose  of  standardizing  the  pull.  These  are  not  recommended  at 
this  Station.  Reasons  for  this  will  be  given  under  the  discussion  of 
techniques  of  measurement   (p.  118). 

7.  Calipere  for  the  measurement  of  skin  and  subcutaneous  tis- 
sue :  Calipers  for  this  purpose  were  devised  by  the  American  Child 
Health  Association  and  are  now  available  from  the  American  Public 
Health  Association,  50  West  50th  Street,  New  York  City.  It  is 
exceedingly  important  that  the  springs  of  these  calipers  be  stand- 
ardized. The  calipers  as  sent  out  by  the  manufacturer  vary  con- 
siderably in  tension  and  no  absolute  standards  have  as  yet  been 
published.  This  Station  has  perfected  its  own  standards  for  these 
calipers,  and  they  may  be  applied  as  follows: 

The  fixed  arm  of  the  calipers  is  clamped  in  a  small  vise  in  such 
a  way  that  the  arms  are  horizontal.  A  plumb  bob  weighing  327 
grams  is  hung  by  a  thread  over  the  second  groove  from  the  end  of 
the  free  arm.  This  is  oscillated  up  and  down  and  permitted  to 
come  to  a  free  rest  several  times  in  succession.  The  indicator  should 
read  17  on  the  scale.  A  second  weight  of  257  grams  is  added  to  the 
first  weight  and  the  free  arm  is  again  oscillated.  The  indicator 
should  read  approximately  35.  If  the  reading  differs  significantly 
from  these  figures,  the  spring  should  be  adjusted  and  the  test  re- 
peated until  approximately  these  standards  are  obtained. 

This  standard  is  difficult  of  application  .since  it  depends  upon 
the  weight  of  two  plumb  bobs,  which  were  purchased  locally.  How- 
ever, the  Iowa  Child  Welfare  Research  Station  will  be  glad  to  test 
the  springs  of  the  calipers  for  anyone  desiring  that  service. 

8.  Scales :  Almost  any  of  the  standard  makes  of  beam  scales  are 
satisfactory.  If  new  scales  are  being  purchased,  it  is  recommended 
that  double  or  triple  beam  scales  be  secured,  the  latter  being  the 
most  desirable.  These  obviate  the  necessity  for  movable  weights 
which  are  not  infrequently  lost.  These  scales  should  be  checked 
against  the  standard  weights  when  purchased,  and,  if  purchased 
from  the  manufacturer  with  a  guarantee  of  accuracy,  will  almost  in- 
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variably  be  found  entirely  accurate.     Barring  accidenis,  there  is 
little  reason  to  expect  scales  of  the  beam  type  to  vary. 

Spring  scales  differ  very  much  in  their  dependability,  (^uite 
satisfactory  spring  .scales  can  be  purchased,  however,  which  are  ac- 
curate to  within  about  half  a  pound.  Some  of  these  can  l)e  had  with 
a  guarantee  from  the  manufacturer.  This  Station  has  made  use 
of  two  platform  .spring  scales  which  have  not  varied  more  than  half 
a  pound  in  three  years.  If  this  type  of  scale  is  made  use  of,  how- 
ever, it  should  be  checked  against  standard  weights  before  every 
general  mea.suring  period,  or  at  least  every  three  months.  The 
platform  beam  scale  is,  of  course,  much  more  satisfactory. 

9.  Wet  spirometer:  Spring  spirometers  and  others  of  the  ^:o- 
called  "dry"  spirometers  have  not  been  found  accurate  enough  for 
scientific  work.  There  are  several  varieties  of  wet  spirometers,  and 
these  differ  in  their  accuracy.  The  most  satisfactory  type  of  wet 
spirometer  consists  of  two  cylindrical  tanks  open  at  one  end  and 
fitted  within  each  other  so  that  the  closed  ends  form  the  top  and 
bottom  of  the  instrument.  The  tanks  are  made  of  galvanized  tin. 
The  outer  one  is  31  centimeters  high  and  has  a  diameter  of  19.5 
centimeters;  the  inner  tank  is  29  centimeters  high  and  has  a  diam- 
eter of  18  centimeters.  The  outer  tank  is  half  filled  with  water  and 
has  in  the  center  a  1  inch  metal  tube  that  projects  up  into  the  inner 
tank.  The  base  of  the  instrument  is  hollow  and  has  three  openings. 
On  the  left-hand  side  is  a  pipe  with  two  openings.  To  one  of  these 
is  attached  a  rubber  tube  fitted  with  detachable  wood  or  glass 
mouth-pieces,  through  which  the  subject  blows.  The  other  opening 
is  fitted  with  a  rubber  cork  for  expelling  the  air  after  the  test. 

The  outer  tank  is  fixed  between  two  stationary  i)ipes  the  .same 
height  as  the  tank.  Into  each  of  these  fit  brass  tubes  27  centimeters 
high  above  the  stationary  tubes.  The  brass  tube  on  the  left  is  grad- 
uated in  cubic  inches  and  cubic  deciliters  and  can  be  revolved  so 
that  the  measurement  may  be  read  by  either  scale.  A  cross  bar 
connects  the  two  brass  tubes.  On  each  side  of  the  bar  is  a  small 
pulley  over  which  passes  a  cord  attached  at  one  end  to  a  weight  of 
.3  kilogram  which  hangs  within  the  brass  tube,  and  at  the  other 
end  to  a  small  hook  which  is  attached  to  a  metal  ring  on  the  outer 
edge  of  the  top  of  the  inner  tank.  Attached  to  the  ring  on  the  left- 
hand  side  is  an  indicator  by  means  of  which  measurements  on  the 
brass  tube  are  read.    On  the  right-hand  side  of  the  outer  tank  is  a 
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hook  on  which  the  rubber  tube  is  hung  when  the  instrument  is  not 
in  use. 

The  wet  spirometer  operates  on  the  displacement  principle.  When 
the  subject  blows  through  the  rubber  tube,  the  air  enters  the  hollow 
base  and  passes  up  through  the  pipe  in  the  center  of  the  outer  tank 
and  causes  the  inner  tank  to  rise. 

The  temperature  of  the  water  inside  the  wet  spirometer  is  very 
important.  Since  the  expired  air,  which  is  at  blood  temperature 
and  saturated  with  water  vapor,  passes  up  through  the  pipe  sur- 
rounded by  water,  if  this  water  is  cool,  the  volume  of  the  air  con- 
tracts and  some  of  the  water  vapor  is  precipitated  out.  This  may 
reduce  the  volume  of  the  air  as  much  as  15  per  cent.  If  the  water 
is  too  warm,  on  the  other  hand,  additional  water  vapor  may  be  ab- 
sorbed from  the  water  into  the  air  and  the  air  will  expand,  giving 
a  spuriously  large  volume.  Tables  for  the  correction  of  spirometer 
readings  for  varying  temperatures  have  been  prepared  (25),  but 
the  more  satisfactory  procedure  is  to  keep  the  temperature  of  the 
water  the  same  as  the  room  temperature.  This  will  vary  from  25 
degrees  to  27  degrees  Centigrade.  The  standards  which  have  been 
prepared  at  this  Station  and  elsewhere  are  in  terms  of  water  at 
room  temperature,  so  that  correction  tables  need  not  be  used. 

TECHNIQUES  OF  MEASUREMENT 

1.  Weight :  Before  beginning  measurement  at  any  given  period, 
see  that  the  scales  are  balanced.  Request  the  subject  to  stand  in 
the  center  of  the  ])latform  of  the  scales.  The  weight  should  be 
taken  nude  when  i)ossible.  If  the  sul)ject  is  weighed  in  some  garm- 
ent, the  weight  of  this  should  be  subtracted  from  the  weight  shown 
by  the  scales.  In  any  case,  coats,  shoes,  and  overclothing  should  be 
removed. 

2.  Standing  height :  The  subject  stands  straight  with  heels  to- 
gether and  heels,  back  of  hips,  upper  part  of  back,  and  back  of 
head  against  the  wall  or  Broca  plane  to  which  the  measuring  scale 
is  attached.  The  arms  are  permitted  to  hang  at  the  side  in  a  natural 
position  and  the  head  is  held  with  the  Frankfort  plane  horizontal. 
The  square  is  placed  on  the  top  of  the  head,  care  being  taken  that  it 
is  parallel  to  the  tloor.  Press  firmly  enough  ui)on  the  vertex  to 
press  down  the  hair,  then  read  the  height  on  the  scale.  During  the 
measurement  the  subject  should  be  requested  to  "stand  as  tall  as  he 
can,"  care  being  taken  to  see  that  he  does  not  raise  his  heels  from 
the  floor.     (Figure  8) 
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Figure  7.   Locations  of  Measuiemeuts  for    Figure  8. 
Prediction   of   Normal   Weight    and  of 
Limb  Girths 


Measurement    of    Standing 
llei-iht 
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3.  Sitting  heio'ht :  The  bench  is  placed  in  front  of  the  scale, 
selecting  the  bench  of  the  proper  height  according  to  the  stature  of 
the  subject.  The  subject  then  is  seated  on  the  bench  leaning  for- 
ward with  his  hips  pushed  firmly  back  against  the  wall.  He  should 
then  cross  his  feet  in  front  of  the  bench  and  straighten  up,  sitting 
as  tall  as  possible,  without  tension  of  his  thigh  muscles.  The  hips, 
back  of  the  shoulders,  and  back  of  the  head  should  be  in  the  same 
position  as  when  measuring  standing  height.  (The  provision  which 
suggests  that  his  feet  be  crossed  is  for  the  purpose  of  releasing  as 
much  as  possible  the  tension  of  the  gluteal  muscles  and  to  permit  the 
subject's  weight  to  settle  upon  the  ischia  rather  than  upon  tensed 
muscles.)  The  height  is  measured  in  the  same  way  as  described 
under  standing  height,  and  the  height  of  the  stool  is  thon  subtracted 
from  this  record. 

4.  Shoulder  width  :  The  obsei"ver  stands  behind  the  subject,  who 
is  instructed  to  stand  erect  with  his  arms  straight  and  hands  held 
closely  against  his  thighs.  Using  the  flat  calipers,  the  observer 
measures  the  distance  between  the  two  acromia. 

5.  Measurements  of  the  chest :  In  measurements  of  the  chest,  the 
subject  should  stand  erect  but  not  rigidly  so.  The  head  should  be 
held  erect,  not  looking  downward.  The  arms  are. released  and  held 
slightly  away  from  the  body  in  order  to  permit  the  passing  of  the 
instrument  beneath  the  arms. 

In  measuring  chest  depth  the  observer  stands  on  the  right  side  of 
the  subject.  The  measurement  is  taken  with  the  large  flat  calipers, 
with  the  movable  arm  over  the  xiphoid  cartilage.  The  fixed  arm  is 
over  the  back,  beneath  the  scapulae  with  the  rod  passing  under  the 
right  arm.  The  rod  should  be  perpendicular  to  the  spine.  The 
instrument  should  be  held  very  lightly  against  the  skin,  indenting 
the  skin  no  more  than  necessary.  The  movable  arm  of  the  calipers 
should  follow  the  excursion  of  the  chest  over  three  or  four  respira- 
tions and  the  midpoint  of  normal  respiration  recorded. 

Chest  width  is  also  taken  with  the  large  flat  calipers.  The  ob- 
server stands  in  front  of  the  subject  and  applies  the  calipers  to  the 
chest  in  such  a  way  that  the  rod  lies  directly  over  the  xiphoid  car- 
tilage, with  the  arms  of  the  calipers  perpendicular  to  the  spine  and 
the  ends  of  the  arms  in  front  of  the  latissimus  dorsi  muscles  (the 
large  muscles  just  behind  the  axillae).  The  fixed  arm  of  the  calipers 
is  at  the  right  side  of  the  chest  and  the  movable  arm  at  tiie  left  side. 
The  pressure  should  be  as  light  as  possible,  and  the  calipers  should 


APPRATSTXn  PIIVSTr'AL  STATUS 


117 


follow  the  excursion  uT  llie  eliesl  duriii<i  iioniial  cxpiiatiou  ami  in- 
spiration, and  the  midpoint  recorded. 

In  nieasm-ing  circumference  of  the  chest  the  observer  stands  in 
front  of  the  subject  and  passes  the  tape  around  his  chest  so  llial 
it  crosses  the  front  of  the  chest  at  tlu'  ic\cl  of  the  xiphoid  cartilage, 
the  plane  of  the  tape  being  at  rii>ht  aniiles  to  the  spine.  Tliis  is 
normally  almost  ])arallel  to  the  floor.  The  position  of  the  tape  in 
front  will  be  from  2  to  3  centimeters  below  the  large  chest  muscles 
in  the  male  and  very  close  to  the  base  of  the  mammary  gland  in  the 
female.  The  tai)e  should  rest  against  the  perimeter  of  the  chest 
only  tightly  enough  to  prevent  its  slipi)ing.     (Figure  9) 

In  taking  chest  measurements  we  have  stressed  the  fact  that  in- 
struments should  rest  very  lightly  against  the  chest.  The  pur[)ose 
is  to  measure  the  external  dimensions  of  the  chest,  not  to  compensate 
for  varying  degrees  of  thickness  of  the  skin  or  fat.  These  com- 
pensations are  made  by  corrections  derived  from  the  fat  measure- 
ments. If  the  spring  tape  is  used,  the  experience  has  been  that  it 
causes  the  tape  to  press  inward  on  the  skin  in  varying  amounts, 
depending  upon  the  softness  of  the  underlying  tissue.  Two  in- 
dividuals with  the  same  thickness  of  subcutaneous  fat  around  the 
chest  may  have  a  quite  different  consistency  of  that   fat.     In  one 


Figure  9.     Measurement  of  Chest  Girth 
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case  the  spring  tape  may  press  in  with  half  a  centimeter  indentation, 
and  in  another  a  full  centimeter.  This  would  make  a  difference 
of  3  centimeters  in  the  circumference. 

6.  Bi-iliac  width:  The  measurement  is  of  the  maximum  ex- 
ternal diameter  of  the  outermost  points  of  the  crests  of  the  ilia 
(ilio-cristale).  In  taking  this  measurement,  the  observer  stands  in 
front  of  the  subject  with  the  face  of  the  blades  of  the  calipers  held 
in  such  a  way  that  the  outer  edge  of  the  bone  is  about  in  the  middle 
of  the  blade.  17sually  the  aims  of  the  calipers  are  directed  from 
before  backward  and  downward.  In  taking  this  measurement,  the 
obseiwer  uses  the  maximum  of  pressure  that  can  be  exerted  without 
pain  to  the  subject.     (Figure  10) 

7.  Bi-trochanterie  width:  In  taking  this  measurement  the  ob- 
server stands  in  front  of  the  subject,  who  is  instructed  to  stand  with 
his  feet  together  from  heel  to  toe.  The  blades  of  the  flat  calipers 
are  placed  over  the  trochanters,  just  touching  the  skin,  without 
pressure.     (This  measurement  is  used  only  for  the  ])urpose  of  com- 


Figure  10.    Measurement  of  Bi-Iliac  Width 
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parison  Avith  the  bi-iliae  inoasiiix'iiieul  \o  obtain  a  ruujili  incasure- 
ment  of  the  fat  over  the  trochanters.  It  sliould  not  be  confused 
with  the  other  standard  l)i-trochanteric  mcasiiremeni  in  wiiicli 
pressure  is  used  for  a  measurement  of  the  width  of  the  hips.) 

8.  Elbow  width:  The  subject  raises  the  left  arm  forward  to  tlio 
level  of  the  shoulder  and  flexes  the  forearm  upward  to  a  rijjht  anj^le. 
The  blades  of  the  flat  calipers  are  applied  over  the  ei)icondyles  of 
the  elbow  with  the  l)]ados  bisectin«;  the  angle  of  tlic  elbow  and  in 
the  plane  of  tiie  forearm  and  upper  arm.  As  much  pr(!ssure  is 
used  as  can  be  borne  by  the  subject  without  pain.     (Fii^ui-e  11  j 

9.  Width  of  knee:  The  subject  i)laces  the  left  foot  on  a  stool 
in  order  to  bend  the  knee  to  something  near  a  right  angle  and  to 
relax  the  muscles  of  the  leg.  The  observer  stands  in  front  of  the 
subject  and  applies  the  blades  of  the  flat  calipers  to  the  epicondyles 
of  the  femur  so  that  the  blades  bisect  the  angle  of  the  leg  and  are 
parallel  to  the  plane  formed  by  it.  Maximum  pressure  is  used. 
(Figure  12) 

10.  Girths  of  limbs :  In  measuring  the  girths  of  the  limbs  the 
steel  tape  is  used,  in  every  case  applied  as  lightly  as  possible  to 
avoid  indenting  the  skin. 


Figure  11.     Measurement   of   EHjow 
Width 


Fi"ure  12.     Mfasurenient  of  Knee  Width 
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In  measuring  the  girth  of  the  upper  arm  the  left  arm  is  held 
downward  and  straight  and  verj^  slightly  separated  from  the  bodj'. 
The  tape  is  passed  around  the  arm  approximately  halfway  between 
the  acromion  and  radiale  at  the  largest  part  of  the  arm.  If  in 
doubt  as  to  the  place,  the  subject  may  be  requested  to  flex  the 
elbow,  noting  the  point  of  greatest  bulge  over  the  biceps.  The  tape 
is  then  placed  at  this  point  after  the  arm  is  again  straightened. 


Figure  13.     Measurement  of  Girth   of      Figure  14.     Measurement  of  Girth  of 
Upper  Arm  Forearm 

The  plane  of  the  tape  is  at  right  angles  to  the  line  of  the  humerus. 
(Figure  13) 

The  tape  is  placed  around  the  greatest  diameter  of  the  forearm 
muscles  witli  the  hand  opened  when  the  girth  of  the  forearm  is 
measured.  This  is  just  about  at  the  level  of  the  radiale.  While  the 
measurement  is  taken,  the  elbow  must  be  straight.     (Figure  14) 

In  thigh  girth  the  subject  stands  with  his  feet  about  1  foot  apart 
(less  in  small  children),  with  the  weight  evenly  distributed  on  both 
legs.  The  tape  is  passed  around  the  thigh  at  right  angles  to  its 
long  axis,  just  below  the  gluteal  fold  behind.     (Figure  15) 

Girth  of  the  calf  is  measured  at  the  largest  point  of  the  calf  with 
the  weight  evenly  distributed  on  both  feet.     (Figure  16) 
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Figure  15.     Measurement  of  Girth  of 
Thigh 


Figure  16.     Measurement  of  (Jirtli  of 
Calf 


It  is  the  custom  to  take  all  limb  measurements  on  the  left  side. 

11.  Measurements  of  skin  and  subcutaneous  tissue :  The  tech- 
nique for  this  measurement  employed  at  the  Iowa  Child  Welfare 
Research  Station  differs  in  some  respects  from  that  published  else- 
where (17,  p.  108-110).  The  observer  grasps  a  double  layer  of 
skin  and  subcutaneous  tissue  with  the  thumb  and  forcfingor  of  the 
left  hand,  with  the  thumb  and  forefinger  })ointing  toward  eacii  other. 
(See  Figure  17)  This  fold  of  skin  sliould  be  large  enough  to  get 
a  complete  double  layer,  but  not  so  large  as  to  get  so  much  skin 
and  fat  as  to  cause  too  great  an  amount  of  tension  beyond  the 
finger  tips.  The  fold  of  skin  and  fat  is  held  somewhat  loosely  wiiile 
the  calipers  are  applied  in  such  a  way  as  to  be  about  2  millimeters 
above  the  ends  of  the  thumb  and  fingers.  The  spring  is  then  re- 
leased and  the  calipers  held  down  against  the  fold  of  skin  to  pre- 
vent its  slipping  away,  and  the  measurement  is  rocoidt'd.  (See 
Figure  17) 

The  fat  measurement  on  arm  front  is  taken  over  the  center  of  the 
biceps  muscle  of  the  left  arm  with  the  arm  straight.  The  blades  of 
the  calipers  are  parallel  to  the  long  axis  of  the  arm  and  are  applied 
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Figure    17.      Meaauromcut    ui    bkiu   aud   Subcutaueous    Tissue    (3   pictures) 
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midway  between  the  acromion  .ind  tlio  ladi.ilc  In  dliLiiiiiiip;  siicli 
a  measurement  at  the  back  ol"  tlic  arm  the  calipers  are  applied  mid- 
way between  acromion  and  radiale  over  the  midpoint  of  the  triceps 
muscle  with  the  arm  straii>ht  and  downward  and  llic  ])la<les  pai'alicl 
to  the  long  axis  of  the  arm. 

In  taking  the  fat  measurement  of  chest  fi-ont  1lie  calipers  arc  ap- 
plied to  the  skin  at  the  level  of  the  xiphoid  cartilage  and  approx- 
imately halfway  between  the  sagittal  planes  passing  through  the 
sternum  and  tangent  to  the  side  of  the  chest.  The  hhides  of  the 
calipers  are  vertical.  In  the  chest  back  measurement  the  cilipers 
are  placed  at  the  level  of  the  plane  of  the  xiphoid  cartilage  over  the 
most  prominent  part  of  the  back  muscles.  The  blades  of  the  calipei's 
are  vertical. 

In  the  abdominal  fat  measurement  the  l)lades  ol'  the  calipers  arc 
placed  over  the  front  of  the  abdomen,  midway  between  the  thelion 
and  omphalion,  just  over  the  ])order  of  the  rib  cartilages.  The 
blades  of  the  calipers  are  parallel  to  the  line  from  thelion  to  ompha- 
lion. 

For  the  supra-iliac  measui-ement  the  calipers  are  api)lied  just 
above  the  crest  of  the  left  ilium  in  a  line  verticallv  downward  from 
the  left  armpit.     The  blades  of  the  calipers  are  vertical. 

In  all  of  the  above  fat  measurements,  the  measurement  is  com- 
monly taken  on  the  left  side. 

The  fat  measurement,  hip  difference,  is  secured  by  subtracting 
the  bi-iliac  hip  measurement,  corrected  for  fat,  from  the  bi-tro- 
chanteric  measurement  taken  without  pressure. 

Breathing  capacity:  Using  the  wet  spiromctei',  with  the  water 
temperature  from  25  degrees  to  27  degrees  Centigrade,  the  subject 
is  instructed  to  take  as  deep  a  breath  as  ])ossible  and  to  exhale  it  as 
completely  as  possible  through  the  tube  into  the  spirometer.  The 
subject  takes  at  least  three  trials  and  continues  as  long  as  the  record 
is  increasing. 
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